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INTRODUCTION 
     
In  our  country  due  to  rapidly  multiplying  number  of  automobiles,  
there  is a  corresponding  increase  in  petrol  bunks.  Petrol  is  a  mixture  of  
volatile  hydrocarbons,  while  diesel  is  a  mixture  of  paraffin,  alkenes  and  
aromatics.  Benzene  content  of  petrol  is  1-5%. Petroleum  products  are  
highly  volatile  in  hot  climates.  Petrol  pump  workers  have  increased  
exposure  to   petroleum  products  and  air  pollutants.  Due  to  chronic  
exposure  of  benzene  and  air  pollutants  like  lead  and  carbon  monoxide,  
impaired  lung  functions,  hematotoxicity,  neurotoxicity  and  impaired  thyroid  
functions  are  observed  in  petrol  pump  workers.    Occupation  related  health  
hazards  is  becoming  very  common  in  recent  years.  Health  problems  posed  
by  the  pollutants  at  the  work  environment  of  an  individual  are  closely  
linked  to  the  nature  and  level  of  exposure  to  these  hazardous  chemicals.  
About  1.3  billion  urban  residents  worldwide  are  exposed  to  air  pollution  
level  above  the recommended  limits.  Air  quality  in  the  developed  countries  
has  generally  improved  in  the  past  two  decades,  but  in  many  developing  
countries  air  quality  has  deteriorated  because  of  rising  industrial  activity,  
increasing  power  generation  and  the  congestion  of  streets  with  poorly  
maintained  motor  vehicles  that  use  leaded  fuel.  Epidemiological  studies  
have  shown  that  a  sudden  increase  in  air  pollution  has  often  been  
associated  with  immediate  increase  in  morbidity  and  mortality.1     
2 
 
Noxious  substances  may  be  delivered  airborne  to  the  respiratory  
tract  in  molecular  (gases  and  vapours)  or  particulate  form.  The  effects  of  
noxious  gases  and  vapours  are  determined  mainly  by  their  solubility  in  
water;  those  with  high  solubility  are  largely  dissolved  in  the  secretions  
lining  the  upper  respiratory  tract,  those  with  low  solubility  penetrate  to  
the  gas  exchanging  tissues  and  exert  their  dominant  effect  there.  However  
with  overwhelming  exposures  adverse  effects  will  occur  at  all  levels  of  
the  respiratory  tract  and  dose  becomes  a  more  important  determination  of  
outcome  than  solubility.  Particulates  that  are  dispersed  in  air  (aerosols)  
may  be  solid  (dusts)  or  liquid  (mists)  and  may  carry  toxic  chemicals  
through  surface  absorption  or  solution,  even  if  the  carrier  agent  itself  is  
harmless. 
Many  adverse  effects  may  follow  the  inhalation  of  irritant  or  toxic  
gases  and  aerosols.  Most  are  manifested  in  the  lung  itself,  but  some  are  
manifested  in  other  organs  after  the  lung  provides  a  route  for  absorption.  
Several  adverse  health  problems  such  as  inflammation  of  the  eyes  and  
nose,  throat  irritation  and  breathing  problems  are  common.  Irreversible  
effects,  e.g.  cancer,  birth  defects,  brain  and  nerve  damage,  long  term  
injury  to  the  lungs  and  breathing  passages  are  caused  by  some  chemicals  
found  in  the  polluted  air2.   
Numerous  epidemiological  studies  have  documented  decrements  in  
pulmonary  function  and  various  other  health  problems  associated  with  
long-term  air  pollution  exposure  to petroleum products. It  has  been  known  
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for  quite  some  time  that  air  pollution  from  petrol/diesel  vapor  and  their  
exhaust  is  a  major  respiratory  hazard  for  workers  exposed  to  it.   
Petrol  (gasoline)  is  a  complex  combination  of  hydrocarbons.  Petrol  
evaporates  more  readily  in  hot  than  cold  climate.  Petrol  vapor  contains  
volatile  organic  compounds  (VOCs)  like  benzene  that  will  be  released  
into  the atmosphere during  vehicle  refuelling.  The  benzene  content  of  petrol  
has  typically  been  in  the  range  of  1-5%  but  may  have  risen  following  
the  removal  of  lead  additives.  Exposure  to  less  than  1ppm  of  benzene  
for  eight  hours  or  exposure  to  2-3ppm  for  shorter  period  (30-120  minutes)  
can  result  in  various  haematological  changes,  respiratory  disturbances  and  
thyroid  disorders.  India  does  not  have  an  air  quality  standard  for  Benzene.  
In  India  permissible  level  of  benzene  in  petrol  is  3%.7   
There  are  many  components  of  diesel  exhaust,  including  (1)  carbon  
monoxide  (2)  nitrogen  oxides  (3)  sulphur  oxides  (4)  hydrocarbons  (5)  
unburned  carbon  particles  [soot]  and  (6)  water.  Exhaust  from  diesel  
engines  is  considered  to  contribute  to  more  than  50%  of  ambient  
particulate  matter  with  a  mass  median  aerodynamic  diameter  less  than  10  
micrometers  (PM10),  greatly  contributing  to  overall  air  pollution.  For  fine  
particulate  matter  with  a  diameter  below  2.5  micrometer  (PM2.5)  and  
ultra  fine  particles  with  a  diameter  below  0.1  micrometer,  this  contribution  
is  even  higher.8   
In  addition  to  decrements  in  lung  functions  symptoms  like  chronic  
cough,  sputum  production,  wheezing  and  breathlessness  have  also  been  
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reported  on  exposure  to  these  pollutants.3  At  high  ambient  concentrations,  
well-defined  and  marked  systemic  pulmonary  inflammatory  response  is  
also  observed,  notably  before  changes  in  pulmonary  function  can  be  
detected.9  Various  occupational  exposures  to  petrol/diesel  products  have  
been  shown  to  affect  different  systems  of  the  body.10,11,12,13  Several  animal  
studies  have  also  demonstrated  a  consistent  association  between  air  
pollutants  and  the  altered  lung  function.14,15 
In  India,  petrol-pump  attendants  are  the  norm  rather  than  self-
service,  increasing  the  opportunity  for  exposure.  Petrol-pump  workers  are  
continuously  exposed  to  the  organic  and  inorganic  substances  present  in  
the  petrol/diesel.  The  average  daily  exposure  to  these  chemicals  in  India  
generally  exceeds  about  10  h/day.  Studies  on  health  conditions  in  petrol-
pump  workers  have  concentrated  on  clinical  symptoms  with  limited  reports  
on  lung  function  or  respiratory  morbidity  of  workers  exposed  to  petrol-
pump  vapour.   
Benzene,  an  aromatic  hydrocarbon  is  a  natural  component  of  crude  
oil  and  natural  gas.  It  is  highly  toxic  to  humans.  Chronic  exposure  to  
benzene  and  lead  causes  disturbances  in  bone  marrow  by  affecting  DNA  
replication  and  thereby  reduction  in  RBC,  neutrophil,  lymphocyte  and  
eosinophil  count.  Due  to  these  ill  effects,  exposed  persons  suffer  from  
anemia,  excessive  bleeding  to  mild  trauma,  impaired  immunity  against  
bacterial  and  viral  infections.  Short  term  exposure  of  benzene  lead  to  
increase  eosinophil  count.  Eosinophil  is  a  type  of  white  blood  cell  which  
5 
 
has  various  roles  in  our  body  like  fighting  against  parasitic  infections,  
controlling  allergic  response  in  our  body.   Variation  in  Eosinophil  count  
is  an  alarming  sign  which  demands  medical  attention. 
Exposure  to  benzene  reduce  thyroid  peroxidase  activity  which  inturn  
suppresses  the  thyroid  functions.  Thyroid  peroxidase  is  an  essential  enzyme  
responsible  for  iodination  of  tyrosine  to  form  T3,  T4. In  hypothyroid  
individuals  due  to  loss  of  negative  feedback  mechanism  there  will  be  
chronic  TSH  stimulation  over  thyroid  gland  which  sometimes  lead  to  
thyroid  tumours.  In  addition  polycyclic  hydrocarbon  have  a  direct  effect  
on  thyroid    gland  by  altering  DNA  replication  cycle  resulting  in  genetic  
damage  that  leads  to  cell  transformation.   
Hence,  the  present  study  aims  to  evaluate  the  pulmonary  functions,  
Absolute  eosinophil  count  and  thyroid  profile  in  subjects  continuously  
exposed  to  petrol/diesel  vapour  for  more  than  six  months. 
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AIMS  AND  OBJECTIVES 
 
 To  evaluate  the  pulmonary  function  tests  ,Absolute  eosinophil  count,  
Thyroid  profile  in  male  petrol-pump  workers.  (Petrol/diesel  filling  
attendants) 
 To  compare  the  pulmonary  function  tests,  Absolute  eosinophil  count  
and  Thyroid  profile  of  male  petrol-pump  workers  with  the  age  and  
sex  matched  controls.. 
 To  assess  the  effect  of  duration  of  exposure  on  pulmonary  functions  
by  comparing  the  pulmonary  functions  of  petrol  pump  workers  with  
less  than  and  more  than  five  years  of  service. 
 To  find  out  the  percentage  of  petrol  pump  workers  who  are  
symptomatic  due  to  petrol/diesel  vapour  exposure. 
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REVIEW  OF  LITERATURE 
   
PETROLEUM 
The  modern  history  of  petroleum  began  in  1846  with  the  discovery  
of  newer  technique  of  extracting    kerosene  by  refining    coal  by  Nova  
Scotian  Abraham  Pineo  Gesner.  Ignacy  Lukasiewicz  improved  Gesner’s  
method  to  develop  a  means  of  refining  kerosene  from  the  more  readily  
available  “rock  oil”  (petr-oleum)  Petroleum  is  a  naturally  occurring,  
flammable  liquid  present  in  the  rock  forms   in  the  Earths.    Petroleum  
was  known  as  burning  water  in  Japan  in  the  7th  century.  Petroleum  is  a  
complex  mixture  of  various  hydrocarbons  and    also  includes  numerous  
organic  compounds.  Petroleum  is  an  essential   raw  material  for  many  
chemical  products,  including  pharmaceuticals,  solvents,  fertilizers,  
pesticides,  and  plastics.           
In  1854  Benjamin  Silliman,  a  science  Professor  at  Yale  University  
in  New  Haven,  was  the  first  to  fractionate  petroleum  by  distillation.    The  
first  commercial  oil  well  drilled  in  North  America  was  in  Oil  Springs,  
Ontario,  Canada  in  1858.  Even  until  the  mid-1950s,  coal  was  still  the  
world’s  foremost  fuel,  but  oil  quickly  took  over.  Today  about  90%  of  
vehicular  fuel  needs  are  met  by  oil.  The  top  three  oil-producing  countries  
are  Saudi  Arabia,  Russia  and  the  USA.                   
Composition :  The  proportion  of  hydrocarbons  in  the  mixture  is  highly  
variable  and  ranges  from  as  much  as  97%  by  weight  in  the  lighter  oils  
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to  as  little  as  50%  in  heavier  oils.  The  hydrocarbons  in  crude  oil  are  
mostly  alkanes,  cycloalkanes  and  various  aromatic  hydrocarbons  while  the  
other  organic  compounds  contain  nitrogen,  oxygen  and  sulfur,  and  trace  
amounts  of  metals  such  as  iron,  nickel,  copper  and  vanadium.  The  exact  
molecular  composition  as  follows:  Carbon  83-87%,  Hydrogen  10-14%,  
Nitrogen  0.1-2%,  Oxygen  0.1-1.5%,  Sulphur  0.5-6%,  Metals  <  1000ppm.16               
Due  to  its  high  energy  density,  easy  transportability  and  relative  
abundance,  it  has  become  the  world's  most  important  source  of  energy  
since  the  mid-1950s. 
Chemistry 
 
Petroleum  is  a  mixture  of  a  very  large  number  of  different  
hydrocarbons;  the  most  commonly  found  molecules  are  alkanes  (linear  or  
branched),  cycloalkanes,  aromatic  hydrocarbons.  The  alkanes  from  pentane  
(C5H12)  to  octane  (C8H18)  are  refined  into  gasoline  (petrol),  the  ones  from  
nonane  (C9H20)  to  hexadecane  (C16H34)  into  diesel  fuel  and  kerosene  
(primary  component  of  many  types  of  jet  fuel).   
Gasoline  or  petrol:   
The  first  petrol  used,  utilized  the  content  of  lead  to  increase  the  
octane  number  from  91  to  over  96.  In  this  leaded  petrol,  the  content  of  
aromatic  compounds  was  29.2%  and  the  benzene  level  was  2.1%  .  Because  
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of  the  adverse  effects  of  lead  seen  through  time,  lead  was  phased  out  in  
the  late  1970s  and  substituted  by  new  chemicals,  thus  giving  an  unleaded  
petrol  a  composition  very  similar  to  the  prior;  aromatic  content  27.7%  
and  benzene  levels  at  2.05%.  Benzene  is  also  one  of  the  components  of  
petrol,  its  concentration    in  commercial  petrol  in  India  is  generally  between  
0.5  and  3.5%..  Benzene  is  also  formed  as  a  partial  combustion  product  
of  larger  components  in  petrol.     
In  order  to  decrease  these  harmful  substances,  alternatives  in  the  
shape  of  oxygenates  were  found.  Oxygenates  contain  oxygen  and  seemed  
less  toxic  than  e.g.  Benzene  and  1,3  butadiene.  The  main  advantage  of  
oxygenates  is  that,  because  they  contain  oxygen  molecules,  they  cause  
the  fuel  to  burn  more  efficiently,  thus  lowering  the  level  of  air  pollutants  
from  car  exhaust  emissions.  The  oxygenates  enjoying  the  widest  use  today  
are  Methyl  Tertiary  Butyl  Ether  &  Ethyl  Tertiary  Butyl  Ether  (MTBE  &  
ETBE).       
Petroleum  diesel  or  Petro  diesel   
Rudolph  Diesel  invented  the  compression-ignition  diesel  engine  in  
1892.  Diesel  is  produced  from  Petroleum  and  is  a  hydrocarbon  mixture,  
obtained  in  the  fractional  distillation  of  crude  oil  between  200°C  and  
350°C at  atmospheric  pressure.  It  is  composed  of  75%  saturated  
hydrocarbons  and  25%  aromatic  hydrocarbons.  The  average  chemical  
formula  for  common  diesel  fuel  is  C
12
H
23
,  ranging  from  approximately  
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C
10
  H
20
  to  C
15
H
28
.   The  density  of  petroleum  diesel  is  about  850  g/L  
whereas  petrol  [gasoline]  has  a  density  of  about  720g/L  about  15%  less.17 
Products  of  combustion  of  petrol  and  diesel 
In  practice  a  complete  combustion  of  petrol  produces  mainly  carbon  
dioxide  [13%]  and  water[13%].  Nitrogen  from  the  air  comprises  most  of  
the  remaining  exhaust  [73%]. 
Complete  combustion  of  diesel  fuel  produces  water  and  carbon  
dioxide,  but  use  of  diesel  in  motor  vehicles  normally  results  in  incomplete  
combustion  and    the  formation  of  various  gases,  liquids  and  solid  particles. 
Incomplete  combustion  of  these  fuels  lead  to  the  emission  of  
Carbon    monoxide,  unburned  fuel  and  lubricating  oil  and  nitration  products  
of  fuel  and  lubricating  oil.  These  incomplete  combustion  byproducts  
comprise  thousands  of  chemical  components  present  in  the  gas  and  
particulate  phases. 
Some  specific  chemical  species  and  classes  are  listed  in  the  table.
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Gas  phase  
 
Acrolein 
Ammonia 
Benzene 
1,3-  Butadiene 
Formaldehyde 
Formic  acid 
Heterocyclics  and  derivatives 
Hydrocarbons  and  derivatives 
Hydrogen  cyanide 
Hydrogen  sulphide 
Methane 
Methanol 
Nitric  acid 
Nitrous  acid 
Oxides  of  Nitrogen   
Polycyclic  Aromatic  Hydrocarbons  and  
derivatives 
Sulphur  dioxide 
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Particulate  phase 
 
Heterocyclics  and  derivatives 
Hydrocarbons  (C
14
  –  C
35
)  and  derivatives 
Inorganic  sulphates  and  nitrates 
Metals  [(e.g.)  Lead  and  Platinum] 
Polycyclic  Aromatic  Hydrocarbons  and  
derivatives   
 
Compared  with  petrol  engines,  diesel  engines  produce  far  less  CO,  
but  give  rise  to  a  greater  amount  of  nitrogen  oxides  and  aldehydes,  which  
are  particularly  prone  to  cause  irritation  of  the  upper  respiratory  tract.  
Diesel  engines  also  produce  sub  micron  soot  particles  that  are  believed  
to  mediate  several  of  the  observed  adverse  effects.   
Carbon  monoxide  [CO] 
The  most  important  air  pollutant  formed  by  petrol  and  diesel  
combustion  is  CO.  It  is  an  odourless,  colourless,  toxic  gas  produced  by  
incomplete  burning  of  carbon  –  based  fuels.   
It  survives  in  the  atmosphere  for  a  period  of  approximately  one  
month  but  is  eventually  oxidized  to  CO
2
.  Because  CO  is  a  rather  stable  
gas  in  the  atmosphere,  the  lungs  are  practically  the  only  significant  routes  
for  environmental  exposures.  After  reaching  the  lungs,  CO  diffuses  rapidly  
across  the  alveolar  and  capillary  membranes.  It  also  readily  crosses  the  
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placental  membranes.  CO  binds  readily  with  haemoglobin  to  form  carboxy  
haemoglobin  [CoHb].  Approximately  80-90%  of  the  absorbed  CO  binds  
with  haemoglobin,  which  causes  a  reduction  in  the  oxygen  carrying  
capacity  of  the  blood.  CO  is  eliminated  unchanged  via  the  lungs.  The  
organs  and  tissues  mostly  affected  include  the  brain,  the  cardio  vascular  
system,  exercising  skeletal  muscle  and  the  developing  foetus. 
Carbon  dioxide  [CO
2
] 
Carbon  dioxide  is  the  principal  greenhouse  gas,  which  is  emitted  
as  a  result  of  burning  fuels.  In  high  concentration  it  causes  an  increase  
in  the  breathing  rate,  unconsciousness  and  even  death. 
Nitrogen  dioxide   
Nitrogendioxide  is  one  of  the  main  contributors  to  smog  and  acid  
rain.  The  largest  source  is  automobile  exhaust  (46%).  Nitrogen  dioxide  is  
known  to  reduce  the  efficiency  of  breathing  and  to  increase  the  irritability  
of  airways  in  the  lungs.  These  effects  are  reversible.  There  is  evidence  
that  it  increases  allergic  reactions  in  the  lung,  reduces  resistance  to  
infections,  and  that  exposure  in  children  can  lead  to  poorer  lung  function  
in  latter  life.18 
Sulphur  dioxide  [SO
2
] 
Sulphur  dioxide  is  an  acidic  gas  which  combines  with  water  vapour  
in  the  atmosphere  to  produce  acid  rain.  SO
2
  in  ambient  air  can  affect  
human  health,  particularly  in  those  suffering  from  asthma  and  chronic  
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lung  diseases..  Tightness  in  the  chest,  dyspnoea,  cough,  irritation  of  eyes,  
nose  and  throat  occur  at  high  levels. 
Volatile  organic  compound 
Volatile  organic  compounds  are  released  in  vehicle  exhaust  gases  
either  as  unburned  fuels  or  as  combustion  products  and  are  also  emitted  
by  the  evaporation  of  solvents  and  motor  fuels.  VOCs  include  petrol,  
benzene,  toluene  and  many  others.   
Benzene  -  Benzene  is  a  VOC,  which  is  a  minor  constituent  of  petrol  
about  1-5%,  but  may  have  risen  following  the  removal  of  lead  additives.  
Combustion  by  petrol  vehicles  is  the  single  biggest  source  [70%  of  total  
emissions].  There  is  no  accepted  safe  level  of  exposure  to  Benzene.  Route  
of  exposure  of  benzene  is  mainly  inhalation,  which  accounts  for  more  
than  99%  of  the  exposure.                   
1,3  –  Butadiene   
This  is  another  organic  chemical  formed  by  chemical  reactions  
when  fuels  are  burnt  and  is  emitted  in  the  exhaust.  Exposure  to  high  
levels  of  1,3-butadiene  causes  irritation  of  eyes,  nose  and  throat.  Possible  
adverse  health  effects  include  cancer,  central  nervous  systems  disorders,  
liver  and  kidney  damage,  reproductive  disorders  and  birth  defects.   
Polycyclic  aromatic  hydrocarbons  (PAH) 
There  are  over  a  hundred  varieties  in  the  collective  name  of  
polycyclic  aromatic    hydrocarbons    (PAH).    During    2000,    the    largest    
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source  of    PAH  was  road    transport    combustion,    contributing    53%    
to    the    total    emissions.   
Benzo  (a)  pyrene  is  one  of  the  most  common,  of  the  group  of  
polycyclic  aromatic  hydrocarbons.  Benzo  (a)  pyrene  is  recognized  as  one  
of  the  most  carcinogenic  of  the  PAH  group.  It  is  also  thought  to  have  
mutagenic  properties.  Heavy  exposures  to  PAH  entails  a  substantial  risk  
of  lung,  skin  and  bladder  cancer. 
Particulate  matter  (PM) 
The  air  pollutant  currently  of  most  concern  is  PM,  which  consists  
of  small  particles  less  than  ten  microns  in  diameter  (PM
10
)  which  are  
primarily  derived  from  combustion.  PM  pollution  is  a  complex  mixture  
of  organic  and  inorganic  constituents.  By  far,  the    most  studied  source  
of  PM  in  humans  has  been  the  diesel  exhaust  (DE).  Particles  with  a  
diameter  less  than  5  micrometer  reach  the  alveoli  and  are  deposited  there,  
whereas  particles  larger  than  5  micrometer  only  reach  the  proximal  airways  
and  are  eliminated  by  mucociliary  clearance.  Recent  electron  microscopic  
studies  suggest  that  over  80%  of    diesel  exhaust  particles  (DEPs)  have  a  
size  less  than  or  equal  to  0.1  micrometer.  DEPs  consist  of  a  carbonaceous  
core  similar  to  carbon  black,  onto  which  an  estimated  18000  different  
high  molecular  weight  organic  compounds  are  absorbed. 
Regarding  health  effects  of  DEPs  recent  focus  has  been  on  ultrafine  
particles  (diameter<0.05-0.10  micrometer).  They  are  highly  reactive  and  
are  present  in  large  numbers  in  the  urban  environment.  Due  to  their  
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smaller  size,  ultrafine  particles  may  readily  be  transported  from  the  lung  
into  the  circulatory  system  where  they  can  potentially  interact  with  cells  
and  tissues  from  other  organ  systems.  Ultra  fine  particles  cause  mild  
airways  dysfunction  (reduced  maximal  mid  expiratory  flow  rate)  together  
with  impaired  alveolar  gas  exchange  in  normal  healthy  subjects.19 
Lead 
In  order  to  raise  the  octane  number  in  petrol  the  compound  of  
lead  called  tetra  ethyl  lead  (TEL)  is  used.  The  use  of  leaded  petrol  has  
contributed  to  approximately  90%  of  lead  in  air  pollution  worldwide.  Lead  
particulate  has  detrimental  physiological  effects  in  man.  Few  studies,  have  
related  lead,  to  structural  damage  or  impaired  functions  of  the  lungs.  The  
most  sensitive  parts  of  the  body  are  the  kidneys,  the  blood  and  the  central  
nervous  system.    Children  are  more  susceptible  to  the  effects  even  at  low  
levels  of  exposure.  Neurotoxic  effects  include  bad  hand  –  eyes  co-
ordination  and  reduction  of  IQ  in  children.  Reproductive  /  developmental  
effects  of  lead  include  depression  of  sperm  count,  decreased  function  of  
prostate,  spontaneous  abortion  in  pregnant  women,  risk  of  pre-term  
delivery  &  low  birth  weight. 
MTBE  (methyl  tertiary-butyl  ether) 
After  the  failure  of  benzene  like  additive  replacing  lead  in  gasoline,  
the  choice  of  MTBE  as  an  engine  anti-knocking  agent  to  replace  lead  
was  made  on  the  basis  of  a  variety  of  advantageous  properties: 
- It  is  a  low  cost  and  easily  produced  chemical   
17 
 
- In  addition  MTBE  or  other  oxygenates  allow  more  complete  
combustion,  which  in  turn  leads  to  a  reduction  of  Carbon  monoxide  
emissions  and  a  reduced  emission  of  precursors  for  ozone  formation. 
Recommended  air  quality  standards  for  some  pollutants 
Guideline  values  for  individual  substances  based  on  effects  other  than  
cancer  or  odour/annoyance.  WHO  (1987)  “Air  Quality  Guidelines  for  
Europe” 
Pollutant   Standard   Averaging  period   
CO 100mg/m3   
60  mg/  m3 
30  mg/  m3 
10  mg/  m3 
15  minutes 
30  minutes 
1  hour   
8  hours 
Lead   0.5-1.0  µ  gm  /  m3 1  year 
NO2 400  µ  gm  /  m3 
150  µ  gm  /  m3 
1  hour   
24  hours 
Ozone   150-200  µ  gm  /  m3 
100-120  µ  gm  /  m3 
1  hour 
8  hours 
SO2 500  µ  gm  /  m3 
350  µ  gm  /  m3 
10  minutes   
1  hour 
Particulates    (PM10) 50  µ  gm  /  m3 
150  µ  gm  /  m3 
1  year   
24  hours 
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ADVERSE  HEALTH  EFFECTS  OF  PETROL/DIESEL  FUEL  AND  
THEIR  EXHAUST  EMISSIONS. 
The  adverse  health  effects  of  petrol  and  diesel  depend  on  the  
duration  and  dosage  of  exposure.  There  are  many  components  in  their  
vapours  and  exhaust,  including  carbon  monoxide,  carbon  dioxide,  nitrogen  
oxides,  sulphur  oxides,  hydrocarbons,  fine  particles  e.g.,  PM10  which  is  
the  particulate  matter  smaller  than  10  micrometers,  Benzene    &    Lead.   
Petrol  and  diesel  vapours  consist  of  a  complex  mixture  of  toxic  
compounds  with  wide  variability  of  deleterious  effects  in  humans  and  
animal  studies.22,  23  For  fine  particulate  matter  with  a  diameter  below  2.5  
micrometer  (PM2.5)  and  ultra  fine  particles  with  a  diameter  below  0.1  
micrometer,  this  contribution  is  even  higher.  These  carbon  particles  are  
small  enough  to  be  inhaled  and  deposited  in  the  lungs  but  have  a  large  
surface  area.  Organic  compounds  with  known  toxic  and  carcinogenic  
properties,  such  as  polycyclic  aromatic  hydrocarbons  (PAH),  adhere  easily  
to  the  surface  of  the  carbon  particles  and  are  carried  deep  into  the  lungs.   
The  effects  of  noxious  gases  and  vapours  are  determined  mainly  
by  their  solubility  in  water;  those  with  high  solubility  are  largely  dissolved  
in  the  secretions  lining  the  upper  respiratory  tract,  those  with  low  solubility  
penetrate  to  the  gas-exchanging  tissues  and  exert  their  dominant  effect  
there.   
Particulates  that  are  dispersed  in  air  (aerosols)  may  be  solid  (dust)  
or  liquid  (mists)  and  may  carry  toxic  chemicals  through  surface  absorption  
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or  solution,  even  if  the  carrier  agent  itself  is  harmless.  If  the  particles  
are  large  (diameter  >  10  micrometer)  they  become  trapped  in  the  nose,  
throat  and  major  airways.  If  they  are  small  (diameter  <  5  micrometer),  
they  are  deemed  “respirable”  and  may  readily  penetrate  deeply  to  become  
retained  in  the  gas  exchanging  tissue  and  (through  macrophage  transport)  
the  lung  interstitium.  
Many  adverse  effects  may  follow  the  inhalation  of  irritant  or  toxic  
gases  and  aerosols.  Most  are  manifested  in  the  lung  itself,  but  some  are  
manifested  in  other  organs  after  the  lung  provides  a  route  for  absorption.  
Not  only  do  the  respiratory  effects  occur  at  different  levels,  but  they  may  
appear  at  different  times.  It  is  useful,  therefore  to  consider  acute  and  
chronic  effects  separately,  and  to  recognize  that  some  are  dominantly  
airway  effects  while  others  are  dominantly  parenchymal  effects. 
Pulmonary  effects   
 Irritation    of    the  mucous  membrane  of  the  nose 
 Rhinitis  and  sinusitis 
 Increased  frequency  of  coughing,  increased  sputum  production,  
wheezing  and  breathlessness,  tightness  of  chest 
 Increased  susceptibility  to  infections  and  asthma  attacks 
 Increased  severity  of  asthma  attacks.   
 Increased  reactivity  to  natural  allergens.   
 Lung  cancer  risks  due  to  components  of  the  particles  or  gaseous  
hydrocarbons  in  the  emissions.   
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Petrol/diesel  vapours  and  their  exhaust  particles  have  been  
demonstrated  to  increase  the  production  of  inflammatory  cytokines  such  
as  interleukin  1B,  interleukin  8,  and  granulocyte  –macrophage  colony  
stimulating  factor  from  cyclo-oxygenase  stimulation  in  bronchial  epithelial  
cells.  This  in  turn  results  in  decreased  adhesion  between  cells,  reduction  
of  structural  integrity  and  inhibited  repair.  Pulmonary  damage  incurred  
from  DEP  exposure  may  resemble  that  caused  by  bacterial  endotoxins.   
Asphyxiation  from  diesel  exhaust  is  more  likely  to  be  caused  by  
acute  lung  injury  from  soot  particles,  nitrogen  dioxide,  and  sulphur  dioxide  
than  by  carbon  monoxide.  This  is  different  from  gasoline  exhaust,  which  
contains  28  times  more  carbon  monoxide  than  diesel  exhaust.                                      
Diesel  engines  emit  other  toxic  compounds  in  disproportionately  higher  
concentrations  than  gasoline  engines,  and  also  produce  26%  of  the  total  
nitrogen  oxides  in  the  outdoor  air.   
Nitrogen  oxides  are  a  major  contributor  to  ozone  production  and  
smog.  Ozone,  can  contribute  to  lung  tissue  destruction.    Many  of  the  
hydrocarbon  molecules  emitted  by  diesel  engines,  such  as  PAH,  are  quite  
toxic  to  the  lung.  Thickened  collagen  fibrils  were  noted  in  the  lungs  of  
NO
2
  exposed  monkeys  while  increased  rates  of  collagen  synthesis,  a  
possible  marker  for  development  of  fibrosis,  has  been  noted  in  exposed  
rats.  A  decrease  in  elastin  may  also  be  associated  with  the  development  
of  emphysema.  Studies  at  high  exposure  concentrations  also  suggest  that  
21 
 
NO
2  
may  reduce  elastin  content  via  an  increase  in  the  activity  of  
neutrophil  elastase,  the  enzyme  responsible  for  elastin  breakdown. 
Patients  with  reactive  or  obstructive  airway  diseases  such  as  asthma  
and  emphysema  may  have  their  underlying  disease  exacerbated  because  
of  the  exhaust  particles  combining  with  atmospheric  allergenic  molecules  
to  create  even  more  inflammatory  allergens.  Petrol/diesel  vapours  and  their  
exhaust  particles  have  been  shown  to  directly  induce  degranulation  of  
mast  cells  with  subsequent  histamine  release.  Histamine  release  thus  
induced  by  the  exposure  may  result  in  allergic  conjunctivitis,  rhinosinusitis,  
pharyngitis,  laryngitis  and  chronic  cough.  Macrophages,  the  first  line  of  
immunologic  defense  within  the  lung,  are  severely  impaired  from  exposure  
to  high  concentrations  of  DEPs,  resulting  in  an  increased  risk  of  bacterial  
and  viral  bronchitis  and  pneumonia.
   
Effect  of  benzene  on  blood  parameters   
Benzene  is  a  volatile  organic  compound  added  in  petrol  to  increase  
its  octane  rating  and  reduce the  knocking.  Its  low  boiling  point  and  high  
vapour  pressure  causes  rapid  evaporation. Its  vapours  are  three  times  
heavier  than  air,  inhalation  of  vapour  is  the  principal  route  of  exposure  
to  benzene.  Petrol  filling  station  contain  1-25  ppm  benzene.  In persons 
who have   chronic  exposure   to  benzene vapour, the benzene   metabolites  
binds  to their  cellular  macro  molecules  like  DNA,  RNA  and  proteins  
leading  to bone marrow dysfunction.  Benzene is mainly  toxic  to  the  
progenitor  cells  of  WBC  and  platelets  instead  of mature  circulating  cells.  
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Exposure  to  benzene  was  associated  with  increase in   percentages  of  IL-4  
producing   CD3  +  T  cells  and  decrease in  IFN-γ  producing  Type  1  T  
cells  which finally end up in   Type  2  memory  response  to the   allergens.  In 
addition to it  Hydroquinone,  a  major  metabolite  of  benzene,  auguments  
allergic  immune  responses  by  enhancing  IL-4  mRNA  expression,  IL-4  
gene  promotor  activity  and  also  IgE  release  from  eosinophil.  Rise  in  
monocyte  and  granulocyte  count  are  indicative  of  subclinical  inflammation  
and  allergic  reactions  in  workers  exposed  to  benzene  and  air  pollutants. 
There  is  significant  decrease  in  eosinophil  count  when  duration  of  
benzene  exposure  is  >  15  years  due  to  bone  marrow  suppression. 
Initial  increase  in  the  eosinophil  count is  observed  in  workers  with  
less  than  ten  years  of  exposure,  due  to  effect  of  polluted  air  and  benzene  
exposure.  Prolonged  exposure  to  benzene  cause  chronic  bone  marrow  
depression,  neurological  toxic  effects  and  cancer. 
Eosinophils play essential  role  in  disease  processes  including  parasitic  
infections,bronchial  asthma  and  allergic  inflammatory  responses.  Presence  
of  eosinophilia  sometimes  indicate the underlying chronic  myelogenous 
leukaemia. Variation    in  eosinophil  count  require  special  attention  in  petrol  
pump  workers. 
Hemopoietic  toxicity  of  benzene  include  bio activation  of  metabolites  
of  benzene  by  peroxidase  in  bone  marrow  and  ring  opening  to  generate  
muconate  derivatives.  Peroxidase  mediated  activation  of  benzene  generates  
reactive  quinones.  The  major  peroxidase  enzyme    in  bone  marrow  is  
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myeloperoxidase  (MPO)  and  target  cells  for  phenolic  metabolites  of  
benzene  was  on  the  basis  of  high  MPO:  NQO,  ratio  (oxidoreducatase).  
MPO  was  found  to  be  expressed  at  the  myeloid  progenitor  cells  and  
human  CD34+cell  systems.  The  phenolic  metabolites  of  benzene  result  in  
aberrant  haemopoiesis. 
Benzene  causes  oxidative  stress,  DNA  damage,  disruption  of  cell  
cycle  and  programmed  cell  death.  It  interferes  with  cellular,  humoral  and  
innate  immunity.  Prolonged  benzene  exposure  leads  to  bone  marrow  
depression,  decrease  haemoglobin  concentration  and  decrease  absolute  
eosinophil  count. 
Absolute  Eosinophil  Count 
Eosinophils  normally  constitute  about  2%  of  all  blood  leucocytes.  
Eosinophils  have  bilobed  nuclei.  Eosinophils  are  slightly  larger  than  
neutrophils.  Their  diameter  is  10-14µm.  the  lobes  are  plumped,   nuclei  
are  visible.  In  stained  preparation  the  granules  take  a  deep  red  (or)  brick-
red  colour.  The  cytoplasm  is  pale  blue,  usually  obscured  by  granules.  The  
granules  are  hard,  firm  bodies  that  are  not  easily  damaged.  Eosinophils  
are  differentiated  from  neutrophils  on  the  basis  of  granules. 
Development  -  Leucopoiesis 
The  process  of  development and maturation  of  WBC is called  
leucopoiesis. 
The  granulocytes  and  monocytes  are  formed  in  the  bone  marrow  
from  colony  forming  unit  called  CFU-GM. 
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They  further  differentiate  into, 
CFU-G  –  Neutrophil  forming  units 
CFU-EO  -  Eosinophil  forming  units 
CFU-Ba  –  Basophil  forming  units 
CFU-M  –  Monocyte  forming  units 
Myeloblast 
 Earliest  recognizable  cell  of  granulocyte  series. 
 Diameter  16  to  20µm 
 Cytoplasm–basophilic,  large  nucleus  with  marked  mitosis. 
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s  
Myeloid Stem Cells Lymphoid Stem Cells 
CFU-GEMM 
Progenitor Cells 
CFU-E CFU-meg CFU-GM 
Erythroid series Platelet Series CFU-G CFU-M 
CFU-EO 
Eosinophil myeloblast 
Promyelocyte 
Myelocyte 
Metamyelocyte 
Eosinophil 
Pluripotent Stem Cells 
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Promyelocyte 
 Size  –  14  to  18µm 
 Cytoplasm  have  neutrophil  granules  which  give  positive  
peroxidase  reaction. 
 Nucleus  have  fine  condensed  chromatin. 
 Mitosis  present 
Myelocyte 
 Size  –  12  to  16µm 
 Have  presence  of  specific  granules. 
 Eccentric  nucleus  with  mitosis. 
Metamyelocyte 
 Size  –  10  to  14µm. 
 Cytoplasm  is  more  liquid  with  coarse  chromatin. 
 No  nucleoli. 
 Absence of mitosis. 
Eosinophil 
 Diameter  –  10  to  14µm 
 Nucleus  –  purple  in  colour  and  bilobed. 
 Spectacle  shape. 
 Acidophilic  cytoplasm  with  deep  red-stained  granules. 
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Life  History 
Eosinophils  are   released  into  blood  stream.  Most  eosinophil  migrate  
within  30-60  minutes  into  extravascular  tissue.  They  survive  for  8 to 12  
days. 
The  granules  of  eosinophil  contains  major  basic  protein,  eosinophil  
cationic  protein,  eosinophil  –  derived  peroxidase,  eosinophil  derived  –  
neurotoxin,  cytokines  and  other  chemicals. 
Functions 
Eosinophils  serve as  an  important  defence  function  against  parasitic  
infections.  They  also  have  mild  phagocytic  activity.  Eosinophil  increase  
in  number  in  allergic  conditions  like  asthma,  hay  fever. They  also  provide  
mucosal  immunity. 
Eosinophil  Count  increased  in  
(Eosinophilia) 
Decreased  in  (Eosinopenia) 
Allergic  Diseases 
Helminthic  Infections 
Leukemia 
Addison’s  Disease 
Glucocorticoid  Therapy 
Cushing’s  Syndrome 
Aplastic  anemia 
Granulocytosis 
 
TSH 
Measurement  of  serum  concentration  of  the  thyrotrophin  secreted  
from  the  anterior  pituitary  is  the  most  sensitive  indicator  for  the  diagnosis  
of  thyroid  functions. 
Normal  range – 0.4 to 4 milli IU / L 
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Endocrine  Changes  –  Molecular  Mechanism 
An  endocrine  gland  is  composed  of  a  prominent  mass  of  secretary  
cells,  connective  tissue,  blood  vessels  and  nerves.  Endocrine  glands  secrete  
their  products  directly  into  the  blood  stream  to  act  on  specific  target  
tissues  distance  away  to  elicit  a  specific  metabolic  response.  This  
specificity  of  hormones  is  achieved  by  final  regulation  of  specific  receptors  
for  each  hormone.  Receptors  are  found  in  membranes  and  within  the  
cytoplasm  of  cells.  Thyroid  and  steroid  hormone  receptors  are  present  in  
cytoplasm  (or)  nucleus  of  the  cell.  The  hormone  receptor  complex  binds  
to  a  specific  region  on  DNA  called  the  hormone  response  element (HRE).  
HRE  causes  the  activation  of  a  restricted  number  of  genes. 
Some  industrial  chemicals  including  solvents  like  benzene  may  
interfere  with  hormone  receptor  complex.  Kavlock  defined  an  endocrine  
disruptor  as  “an  exogenous  agent  that  interferes  with  production,  release,  
transport,  metabolism,  action,  elimination  of  natural  hormones  in  the  body  
responsible  for  the  maintenance  of  homeostasis. 
 
Toxicity  of  organic  solvents 
Organic  solvents  are  a  group  of  volatile  compounds  with  low  
molecular  weight  that  are  stable  chemically  and  exit  in  the  liquid  state  
at  temperatures  of  0°C  –  250°C.  Solvents  are  present  in  paints,  adhesives,  
cosmetics,  petrol,  diesel  and  agricultural  products.  In  general,  inhalation  
and  skin  absorption  are  the  major  routes  of  exposure  to  organic  solvents.  
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The  organic  solvents  are  taken  up  by  inhalation.  The  molecules  diffuse  
from  the  alveolar  space  into  the  blood.  The  molecules  divided  between  
two  media,  air  and  blood  during  the  absorptive  phase  and  between  blood  
and  other  tissues  during  the  distribution  phase. 
The  more  soluble  a  vapour  is  in  the  blood,  the  more  of  it  will  be  
absorbed  in  the  blood  during  each  respiratory  cycle. 
 
Thyroid  Toxicity 
The  function  of  the  thyroid  is  to  elaborate,  store  and  release  thyroid  
hormones  into  the  blood.  Benzene  and  polycyclic  hydrocarbons  have  a  
direct  effect  on  the  thyroid  gland.  They  produce  genetic  damage  that  
leads  to  cell  transformation  and  tumour  formation.  Multiple  sites  of  
hypothamic-pituitary  thyroid  axis  is  affected  by  chemicals  that  develop  an  
increased  incidence  of  hyperplastic  and  neoplastic  lesions.  Inhalation  
toxicity  of  methanol,  toluene  and  mixture  of  the  chemicals  affect  thyroid  
gland  and  produce  mild  to  moderate  reduction  in  follicular  size.  This  
leads  to  decreased  synthesis  of  thyroid  hormones  and  increased  synthesis  
of  thyroid  stimulating  hormone  by  negative  feedback  mechanism. 
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Hypothalamus 
TRH (+) 
Pituitary gland 
TSH (+) 
Decreased T3/T4 synthesis in thyroid gland 
 Due to, 
1) Decreased iodine uptake, 
2) Thyroperoxidase binding / coupling (-), 
3) Proteolysis (-). 
 
Benzene  induced  lung  injury 
Benzene  is  the  simplest  compound  of  aromatic  hydrocarbons.  
Benzene  is  found  naturally  in  the  environment  at  low  concentrations  as  
well  as  in  crude  oil  and  as  a  constituent  of  petrol.  Exposure  to  benzene  
occurs  via  oral,  dermal  and  inhalation  route.  Acute  inhalation  of  benzene  
causes  systemic  toxicity  such  as  narcosis  and  respiratory  depression.  
Chronic  inhalation  of  benzene  causes  increased  risk  of  developing  
adenocarcinoma,  squamous  cell  carcinoma  of  lung. 
Benzene  alteres  the  physiological  role  of  matrix  metalloproteinases  
(MMPs)  on  lung  cells.  MMPs  are  zinc-dependent  endopeptidases,  which  
leave  the  extra-cellular  matrix.  MMPs  are  controlled  by  their  interactions  
with  specific  inhibitors,  the  tissue  inhibitors  of  metalloproteinases  (TIMPs).  
So  abnormal  alteration  of  MMPs/TIMPs  balance  leads  to  disruption  of  
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lung  tissue  and  an  accumulation  of  ECM,  without  adequate  repair,  that  
finally  causes  impairment  of  lung  function.  Benzene  is  converted  to 
metabolites  such  as  hydroquinone  and  benzoquinone.  They  generate  
reactive  oxygen  species  like  superoxide  anion  (O2),  hydrogen  peroxide  
(H2O2)  and  hydroxyl  radicals  (OH-).  All  these  free  radicals  produce  lung  
injury.  So,  respiratory  tract  is  a  primary  organ  for  inhaled  toxic  compounds  
and  lung  is  a  main  target  of  benzene  toxicity  in  humans.  Benzene  
significantly  increased  the  apoptotic  ‘Bax’  gene  expression  in  lung,  
decreases  the  expression  of  anti-apoptotic  ‘BCl-2’  gene  expression  and  
also  significantly  upregulates  the  pro-apoptotic  gene  expression  ‘PS3’,  
‘Bax’  and  ‘Bad’  gene. 
Recent  evidences  suggested  that  oxidative  stress  induces  expression  
of  the  pro-apoptotic  BCl-2  family  member  ‘Bax’  which  triggers  the  release  
of  cytochrome  C  from  mitochondria  into  the  cytosol.  They  bind  to  
apoptosis  protease  activating  factor-1  and  causes  activation  of  caspases  
that  leads  to  apoptosis.  Apoptosis  of  lung  epithelium  might  be  an  
important  pathogenetic  feature  of  a  fibrotic  response.  The  lung  epithelium  
are  involved  in  the  production  of  mediators  such  as  prostaglandin  E2,  
plasminogen  activators  and  metalloproteinase.  They inhibit  fibroblast  
proliferation,  degrade  fibrin  and  collagen.  Also  intact  lung  epithelium  
provides  physical  barrier  that  prevents  profibrotic  molecules.  Epithelial  
cells  are  destroyed  by  apoptosis,  thus  allowing  profibrotic  cytokines  which  
activates  underlying  fibroblast.  At  the  same  time,  a  reduction  in  the  
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production  of  prostaglandin  E2,  less  fibrinolysis  and  reduced  matrix  
metalloproteinase  production  lead  to  profibrotic  microenvironment. 
The  thickening  of  bronchiolar  muscular  wall  observed  in  benzene  
exposed  persons  leads  to  increased  airway  resistance  of  restrictive  lung  
disease. 
Cancer 
Benzene,  1,3-butadiene,  lead  and  polycyclic  aromatic  hydrocarbons  
have  potent  carcinogenic  effects.  These  substances  in  petrol/diesel  vapours  
and  their  exhaust  particles  have  been  shown  to  directly  damage  DNA  and  
result  in  carcinogenesis.  They  also  generate  reactive  oxygen  species,  which  
lead  to  oxidative  stress  and  DNA  damage.  PAH  associated  with  diesel  
exhaust  are  genotoxic,  forming  PAH-DNA  adducts  and  resulting  in  
mutation  and  DNA  strand  breakage.   
Studies  have  shown  that  chronic  exposure  to  these  noxious  
substances  cause  lung  cancer,  oesophageal  cancer,  ovarian  cancer,  urinary  
tract  cancer,  leukemia  and  multiple  myeloma. 
Cardiac  effects 
 Acute  coronary  syndrome  (ACS)  and  other  thrombotic  effects.   
 Ischemic  heart  disease  and  myocardial  infarction. 
 Progression  of  atherosclerosis. 
Possible  mechanisms  causing  these  cardiac  effects  may  be  attributed  
to  coronary  vasoconstriction,  transient  thrombus  formation,  CO  exposure  
and  altered  myocardial  energetics  Diesel  exhaust  induces  heart  rate  
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variability,  ventricular  arrhythmia,  a  significant  decrease  in  left  ventricular  
systolic  pressure  and  an  increase  in  left  ventricular  end  diastolic  pressure  
in  animal  models.  It  is  postulated  that  DEP  produces  superoxide  radicals,  
which  cause  irreversible  myocardial  damage  leading  to  cardiac  arrest.  
DEPs  also  induce  immunoglobulin  E  synthesis  and  cause  histamine  release.  
Histamine  is  a  potent  vasoconstrictor  and  platelet    and      thrombin  
activator. 
Hypertension 
Transient  hypertension  has  been  associated  with  brief  periods  of  
severe  pollution  and  is  possibly  related  to  the  effect  of  DPEs  on  
cardiovascular  autonomic  control.  This  sudden  increase  in  blood  pressure  
may  be  a  co-factor  in  the  development  of  myocardial  ischemia  precipitated  
by  diesel  exhaust  exposure.  At  levels  encountered  in  an  urban  environment,  
inhalation  of  dilute  diesel  exhaust  impairs  regulation  of  vascular  tone  and  
endogenous  fibrinolysis.   
Neurotoxicity 
Volatile  hydrocarbons  such  as  PAH  attached  to  the  exhaust  particles  
are  rapidly  absorbed  through  the  lungs  into  the  central  nervous  system.  
A  possible  association  between  chronic  DEP  exposure  and  Parkinson’s  
disease  has  been  explored  because  DEPs  have  been  shown  to  decrease  
the  number  of  dopaminergic  neurons  in  the  brain  tissue  of  mice.  The  
result  of  chronic  DEP  exposure  may  affect  learning  ability,  co-ordination,  
memory  and  judgement  in  both  children  and  adults.  Brain  inflammation  
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induced  by  DEPs  resulted  in  histopathologic  changes  similar  to  those  seen  
in  patients  with  Alzheimer’s  disease.                                     
Slowness  of  response,  memory  loss  and  disordered  sleep  suggestive  
of  neurobehavioural  impairment  are  also  demonstrated  in  workers  whose  
occupations  involved  significant  indoor  diesel  exhaust  exposure.  
Abnormalities  such  as  visual  field  defects,  delayed  blink  reflex  latency  
balance  impairment,  impaired  recall  memory  and  impaired  problem  solving  
were  also  detected.  Acute  exposure  causes  irritation  of  eyes,  itchy,  burning  
sensation  and  lacrimation. 
Perinatal  health  and  infertility 
Several  world  wide  studies  have  linked  DEP  exposure  to   
 Low  birth  weight  in  infants   
 Premature  births   
 Congenital  abnormalities 
 Elevated  infant  mortality  rate 
 Decrease  in  adult  sperm  production.   
 Higher  rates  of  spontaneous  abortions   
 A  negative  effect  on  human  sperm  motility.     
 
Occupational  exposure  to  petrol/diesel  vapours  have  been  shown  to  
affect  the  functions  of  different  systems  of  the  body  and  can  lead  to  
chronic  inflammation  of  the  respiratory  tract  and  lung  parenchyma.   
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Studies  on  pulmonary  function  changes  due  to  petrol/diesel  vapour:- 
Mayank  S  and  colleagues  (2006)  carried  out  pulmonary  function  
tests  in  30  petrol  pump  workers  of  Delhi.  The  peak  expiratory  flow  rate  
(PEFR),  forced  expiratory  flow  in  25-75%  of  vital  capacity  (FEF25-75),  
peak  inspiratory  flow  rate  (PIFR)  and  forced  inspiratory  flow  at  50%  of  
vital  capacity  (FIF50)  were  found  to  be  significantly  decreased  (p<0.05)  
in  petrol  pump  workers  as  compared  to  controls.  Both  forced  vital  capacity  
(FVC)  and  forced  expiratory  volume  at  first  second  (FEV1)  were  decreased  
significantly  while  their  ratio  did  not  differ  much  between  the  two  groups.  
Expiratory  reserve  volume  (ERV)  was  also  lowered  in  the  study  group.  
Forced  inspiratory  vital  capacity  (FIVC)  and  inspiratory  capacity  (IC)  were  
not  significantly  different  in  the  two  groups.  These  findings  point  towards  
adverse  effects  of  petrol  /  diesel  fumes  mainly  on  lower  airways  with  
restrictive  pattern  of  disease.31 
C  Kesavachandran  and  colleagues  (2006)  in  their  study  among  
petrol  pump  workers  of  Lucknow  found  that  except  in  the  case  of  PEFR  
(%  predicted),  all  other  parameters  showed  lower  observed  value  among  
workers  compared  to  the  predicted  value.  Decline  in  observed  values  of  
VC,  FVC,  FEV1,  among  petrol-pump  workers  when  compared  to  predicted  
value  and  denoted  prevalence  of  restrictive  type  of  lung  disease.  Steady  
reduction  in  the  capacity  of  MMEF  denoted  peripheral  airways  obstruction  
(PAO).32   
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 Gamble  J  and  colleagues  (1987)  collected  personal  samples  of  
nitrogen  dioxide  (NO2)  and  respirable  particulate  (RP)  from  232  workers  
in  four  diesel  bus  garages.  There  was  no  detectable  association  of  exposure  
to  NO2  and  RP  and  acute  reductions  in  pulmonary  functions.  Workers  
who  often  had  respiratory  work-related  symptoms  generally  had  a  slightly  
greater  mean  reduction  in  FEV1  and  FEF50  than  those  who  did  not  have  
these  symptoms,  but  these  differences  were  not  statistically  significant.3   
 To  determine  the  impact  of  diesel  exhaust  on  human  airways,  Salvi  
S  et  al  (1999)  exposed  15  healthy  human  volunteers  to  air  and  diluted  
diesel  exhaust  under  controlled  conditions  for  one  hour  with  intermittent  
exercise.    The  authors  concluded  with  a  hypothesis  that  at  high  ambient  
concentrations,  acute  short-term  diesel  exhaust  exposure  produces  a  well  
defined  and  marked  systemic  and  pulmonary  inflammatory  response  in  
healthy  human  volunteers,  which  is  underestimated  by  standard  lung  
function  measurements.9   
Chattopadhyay  BP  and  colleagues  in  their  studies  on  garage  workers  
of  Kolkata  noticed    restrictive,  obstructive  and  combined  types  of  
impairments  in  28.4%,  1.7%  and  2.9%  respectively.  The  restrictive  
impairment  was  found  in  30.4%  in  conductors;  28.9%  of  drivers,  27.9%  
of  mechanics  and  21.7%  of  administration  people.  Obstructive  type  of  
impairment  was  found  to  be  2.9%  of  both  drivers  and  conductors.    They  
concluded  that  pollution  by  automobile  exhaust  may  be  responsible  for  
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the  pulmonary  function  impairments,  restrictive  impairments  being  
greater.4,51 
Borer  H,  Koelz  AM  (1994)  described  a  case  of  hydrocarbon  
pneumonitis  after  petroleum  aspiration  in  an  adult  fire  eater.  The  main  
symptoms  were  cough,  dyspnea,  chest  pain  and  fever.  The  patient  showed  
bilateral  infiltrates  in  the  middle  and  lower  parts  of  the  lung,  hypoxemia  
and  a  restrictive  ventilatory  defect.33,65     
 
Studies  on  pulmonary  function  changes  due  to  ambient  air  pollution:-     
Chabra  SK  and  colleagues  (2001)  conducted  a  cross-sectional  study  
among  residents  of  Delhi  to  determine  the  role  of  ambient  air  pollution  
in  chronic  respiratory  morbidity  in  Delhi  and  found  that  the  lung  function  
of  asymptomatic  nonsmokers  was  better  among  both  male  and  female  
residents  of  the  lower-pollution  zone.5,52  In  a  study  on  the  respiratory  
morbidity  pattern  of  people  exposed  to  auto  exhaust  as  a  result  of  the  
traffic  load,  in  the  three  different  areas,  pulmonary  function  test  status  
showed  restrictive  (3.76%),  obstructive  (3.17%),  and  combined  restrictive  
and  obstructive  types  (1.98%)  of  impairment.  Higher  restrictive  
impairments  in  males  might  be  due  to  their  combined  occupational  and  
environmental  exposures.6,52 
Mc  Creanor  J  et  al  (2007)  recruited  60  adults  with  either  mild  or  
moderate  asthma  to  participate  in  a  randomized,  crossover  study.  Walking  
for  two  hours  on  Oxford  street  induced  asymptomatic  but  consistent  
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reductions  in  the  FEV1  (up  to  6.1%)  and  FVC  (up  to  5.4%)  that  were  
significantly  larger  than  the  reductions  in  FEV1  and  FVC  after  exposure  
in  Hyde  park  (p=0.04  and  p=0.01,  respectively).  The  effects  were  greater  
in  subjects  with  moderate  asthma  than  in  those  with  mild  asthma.  The  
changes  were  associated  most  consistently  with  exposures  to  ultrafine  
particles  and  elemental  carbon.34,53  An  epidemiological  study  conducted  
by    Nakai  S  et  al  suggested  that  exposure  to  automobile  exhaust  did  not  
reveal  any  consistent  differences  in  pulmonary  function  testing  but  may  
be  associated  with  respiratory  symptoms.35   
Studies  demonstrating  the  pathological  changes  in  lungs  due  to  
petrol/diesel  vapour:- 
 Rats  exposed  to  an  atmosphere  contaminated  with  petrol  vapour  at  
a  concentration  of  100  parts  per  million  for  up  to  12  weeks  exhibited  a  
high  incidence  of  electron  microscopic  changes  in  the  lung  parenchyma  
characterized  by  interstitial  fibrosis  with  associated  alveolar  collapse.  Initial  
changes  appearing  after  six  weeks  included  degeneration  of  endothelium  
and  interstitial  fibroblasts  followed  by  hypertrophy  of  type  two  
pneumocytes.  Subsequent  degeneration  of  surfactant  organelles  of  the  
hypertrophied  type  two  pneumocytes  correlated  with  the  appearance  of  
focal  alveolar  collapse  and  associated  interstitial  fibrosis.36,55   
Moorman  WJ  and  colleagues  (1985)  conducted  a  study  on  groups  
of  25  cats  which  were  exposed  to  either  clean  air  or  diesel  exhaust  for  
eight  hours  per  day  on  seven  days  per  week  for  two  years  at  a  
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concentration  of  6mg/m3  for  62  weeks  and  to  12mg/m3  from  62-124  
weeks.  Some  of  the  cats  were  then  held  in  clean  air  for  an  additional  
six  months.  No  response  was  seen  after  61  weeks,  but  after  123  weeks  
signs  of  restrictive  lung  disease  were  observed.  Total  lung  capacity,  forced  
vital  capacity,  functional  residual  capacity,  peak  expiratory  flow  rates  and  
diffusion  capacity  were  significantly  decreased.56,57  Morphological  
evaluation  revealed  exposure-related  lesions  in  the  centri  acinar  regions  of  
the  lungs,  bronchiolar  epithelial  metaplasia  associated  with  the  presence  
of  ciliated  and  basal  cells,  and  alveolar  macrophages  containing  diesel  
particle  like  inclusions.  After  six  months  recovery  in  clean  air,  the  
metaplasia  had  disappeared  but  the  fibrosis  had  progressed.14,58   
Vinegar  A  et  al  (1981)  in  their  study  exposed  10  male  Chinese  
hamsters  for  eight  hours  per  day  on  seven  days  per  week  for  six  months  
to  particle  concentrations  of  6  or  12mg/m3  diesel  exhaust.  Measurements  
of  pulmonary  function  indicated  dose-related  increases  in  lung  weight  and  
dose-related  decreases  in  vital  and  diffusion  capacity.  Pathological  
evaluation  revealed  oedema,  thickening  of  the  alveolar  lining,  a  possible  
increase  in  collagen  and  the  presence  of  numerous  particle-laden  
macrophages,  which  almost  filled  the  alveolar  spaces.15,59 
Wiester  MJ  and  colleagues  (1980)  in  their  study  exposed  groups  
of  41-51  male  and  female  Hartley  guinea-pigs  for  20  hours/day  on  seven  
days  per  week  to  exhaust  from  a  light-duty  diesel  engine  diluted  to  attain  
a  concentration  of  6mg/m3  particulate  matter.  The  only  changes  noted  
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after  four  weeks  were  a  35%  increase  in  pulmonary  flow  resistance  and  
a  small,  but  significant  decrease  in  heart  rate  in  animals  exposed  to  
irradiated  exhaust.  The  pathological  changes  were  limited  to  hyperplasia  
of  alveolar  lining  cells  and  slight  focal  thickening  of  the  interstitium  in  
occasional  alveoli  with  accumulation  of  particle  laden  macrophages.37,60,66   
Przybyeowski  J  and  colleagues  (1978)  demonstrated  slight  changes  
in  the  dust  cells  of  lungs  in  the  form  of  cytoplasmic  vacuolization  and  
accumulation  of  collagen  in  a  group  of  rabbits  chronically  intoxicated  
with  petrol  vapour.67  The  changes  almost  completely  disappeared  three  
months  after  intoxication.  Changes  in  animals  intoxicated  with  ethylene  
were  much  more  severe.  Besides  the  accumulation  of  collagen,  appearance  
of  elastin  areas,  cytolysosomes,  changes  in  the  nucleus,  widening  of  
ergastoplasm,  swelling  and  cristolysis  of  mitochondria  were  observed.  
Three  months  after  intoxication  the  decrease  of  previously  observed  
changes  was  noted.38   
In  a  study  by  Salvis  S  et  al  the  standard  lung  function  measures  
did  not  change  following  diesel  exhaust  exposure  but  there  was  a  
significant  increase  in  neutrophils  and  B  lymphocytes  in  airway  lavage,  
along  with  increases  in  histamine  and  fibronectin.68,69  The  bronchial  
biopsies  showed  a  significant  increase  in  neutrophils,  mast  cells,  CD4+  
and  CD8+  T  lymphocytes  along  with  up  regulation  of  the  endothelial  
adhesion  molecules  Intracellular  adhesion  molecule  (ICAM-1)  and  Vascular  
cell  adhesion  molecule  (VCAM-1),  with  increases  in  the  numbers  of  
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Leucocyte  Function  Associated  antigen  (LFA-1+)  cells  in  the  bronchial  
tissue.  Significant  increases  in  neutrophils  and  platelets  were  observed  in  
peripheral  blood  following  diesel  exhaust  exposure.9,59 
Studies  showing  the  effects  of  components  of  petrol:- 
 Afolabi  BM  and  colleagues  (1999)  described  that  measured  FEF25-
75%  was  significantly  lower  than  its  predicted  value  among  the  Tetra-
ethyl  Lead  handlers  (TEL)  (56%)  and  tanker  loaders  (TL)  (55%)  when  
compared  with  the  control  group  (36%)  (p<0.05  respectively).  Although  
there  were  distinct  reductions  in  the  measured  values  of  FEF75-85%  
among  the  TEL  handlers  (41%)  and  TL  (40%)  compared  to  the  control  
group  (28%),  this  difference  did  not  reach  a  level  of  significance  when  
the  TEL  or  TL  were  compared  individually  to  the  control  group.  There  
was  statistically  significant  disparities  (p<0.005)  in  the  values  of  predicted  
and  measured  maximum  voluntary  ventilation  (liters)  of  the  TEL  handlers  
(47%)  and  of  the  TL  (46%)  compared  with  that  of  the  control  group  
(29%).  The  data  suggested  obstruction  of  the  big  and  small  airways  of  
those  occupationally  exposed  at  a  petrochemical  factory  in  Nigeria  
especially  the  tetra-ethyl  lead  handlers  and  the  tanker  loaders.  This  data  
also  suggested  that  pulmonary  impairment  may  lead  to  an  increased  
respiratory  absorption  of  lead  in  its  organic  form.39   
 Eight  healthy  male  volunteers  were  exposed  to  ETBE  vapour  for  
two  hours  at  four  levels  (0,5,25  and  50ppm)  during  light  physical  exercise.  
A  significantly  impaired  pulmonary  function  was  seen  at  25  and  50  ppm,  
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since  forced  vital  capacity  (p=0.02)  and  vital  capacity  (p=0.04)  differed  
significantly  from  clean  air  exposure.40  On  exposure  of  ten  healthy  male  
volunteers  to  MTBE  vapour  for  two  hours,  at  three  levels  (5,  25  and  50  
ppm),  during  light  physical  work,  the  results  suggested  no  or  minimal  
acute  effects  of  MTBE  vapour  upon  short-term  exposure  at  relatively  high  
levels.  Methyl  tertiary  butyl  ether  (MTBE)  is  widely  used  in  gasoline  as  
an  oxygenate  and  octane  enhancer.41 
Wells  AC  and  colleagues  (1975)  in  their  experiments  used  a  
radioactive  isotope  of  lead  to  label  tetra-ethyl  lead  consumed  in  petrol  
engines.  The  resulting  aerosols  were  inhaled  by  human  volunteers  to  
determine  the  percentage  deposition  in  the  lung,  the  pattern  of  removal  
from  the  lung  and  the  resulting  levels  in  the  blood  and  excreta.  Uptake  
from  the  lung  was  rapid  and  virtually  complete  with  little,  if  any,  ciliary  
clearance.  Fifty  percent  of  the  labeled  lead  remained  in  the  blood,  the  
concentration  peaking  after  two  days  and  subsequently  declining  
exponentially.  Total  excretion  was  of  the  order  of  1%  of  the  intake  per  
day  upto  15  days.  Inhalation  of  airborne  lead  from  automobile  exhaust  is  
a  significant  source  of  intake.42   
Studies  showing    the  effects  of  filtered  and  unfiltered  diesel  exhaust  on  
lung  functions  :- 
 Ulfvarson  U  et  al  (1995)  studied  the  airway  resistance,  compliance  
of  the  respiratory  system,  transfer  factor  and  alveolar  volume  of  33  healthy  
rabbits  before  and  after  exposure  to  diluted  diesel  exhaust  generated  in  
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an  experimental  motor.  The  inflammatory  airway  changes  were  most  
pronounced  in  animals  exposed  to  exhaust  from  standard  fuel.  Small  
changes  were  observed  in  animals  exposed  to  exhaust  filtered  through  the  
catalytic  trap.  Compliance  decreased  significantly  in  animals  exposed  to  
exhaust  from  standard  fuel  filtered  through  the  particle  traps  and  increased  
almost  significantly  in  animals  exposed  to  unfiltered  exhaust  from  the  
same  fuel.43  Rudell  B  et  al  (1996)  showed  that  despite  the  46%  reduction  
in  particle  numbers  by  the  trap,  effects  on  symptoms  and  lung  function  
were  not  significantly  attenuated  in  human  volunteers.44 
Studies  showing  the  effect  of  duration  of  exposure  to  petrol/diesel  
vapour  on  lung  functions:- 
 In  a  study  done  on  petrol  pump  workers  of  Lucknow  the  data  
showed  significant  reduction  in  all  lung  functions  in  subjects  exposed  for  
more  than  five  years  except  PEFR,  in  contrast  to  subjects  exposed  for  
less  than  or  equal  to  five  years. The  results  showed  that  mixed/  
PAO  type  of  respiratory  impairment  was  observed  during  early  periods  
of  exposure  (<5  years)  itself  and  it  continued  to  persist  in  other  exposure  
groups  (>5  years  group).32   
 Chattopadhyay  BP  and  colleagues  in  their  study  proved  that  PFT  
values  according  to  different  age  ranges  and  duration  of  exposure  showed  
gradual  decrement  as  age  and  duration  of  exposure  increased.4  Another  
study  on  diesel  bus  garage  workers  proved  that  exposure-  effect  
relationships  within  the  study  population  showed  no  detectable  association  
 DYNAMIC FLOW-VOLUME LOOP 
 
 
  
44 
 
of  symptoms  with  tenure  but  there  was  an  apparent  association  of  
pulmonary  function  (FVC,  FEV1  and  flow  rates)  and  tenure.47   
A  total  of  259  miners  in  five  salt  mines  where  diesel  equipment  
was  used    were  studied  by  Gamble  and  Jones  in  1983,  with  regard  to  
the  number  of  years  worked  underground  and  cumulative  exposure  to  
respirable  particulate  and  nitrogen  dioxide.  They  found  that  PFT  showed  
no  association  with  exposure  but  was  slightly  reduced  in  comparison  with  
that  of  other  blue-collar  workers.48 
Reger  et  al  (1982)  studied  a  group  of  550  underground  workers  
and  273  surface  workers  in  six  coal  mines  where  diesel-powered  
equipment  was  used  and  observed  that  pulmonary  function  (FVC,  and  
FEV1)  was  decreased  in  both  surface  and  underground  workers  in  mines  
where  diesel  engines  were  used  in  comparison  with  surface  and  
underground  miners  in  other  mines  and  there  was  no  relationship  between  
years  of  underground  mining  and  respiratory  symptoms  and  pulmonary  
function.49   
Attfield  et  al  (1982)  in  630  miners  in  six  potash  mines  where  
diesel-powered  vehicles  were  used  found  that  there  was  no  consistent  
relationship  with  exposure  to  diesel  exhaust,  considered  in  several  ways,  
including  years  of  exposure,  cumulative  exposure  to  dust,  nitrogen  dioxide  
concentration  and  prevalence  of  diesel  use  in  the  mine.50      Ames  et  al  
(1984)  in  a  study  on  longitudinal  changes  in  pulmonary  function  and  
chronic  respiratory  symptoms  in  280  miners  exposed  to  diesel  exhaust  
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and  838  miners  not  exposed  to  diesel  exhaust,  found  that  the  exposed  
workers  had  smaller  average  decrements  in  FVC  and  FEV1  than  workers  
not  exposed  to  diesel  exhaust  after  adjustment  for  age,  smoking  and  years  
of  underground  work.51   
 In  a  study  on  rats  it  was  found  that  animals  exposed  to  higher  
concentration  of  DEPs  cleared  more  of  the  total  lung  burden  than  those  
exposed  chronically  to  low  concentration.  At  the  longer  low  concentration  
exposure,  the  macrophage  burden  was  relatively  greater  and  associated  
with  a  steady  development  of  lung  maculae,  suggesting  that  continuous  
low  dose  exposure  may  be  more  detrimental  than  acute  high  dose  
exposure.52 
Studies  on  symptoms  due  to  petrol/diesel  vapour  :- 
 Exposure  to  NO2  and  RP  were  associated  with  work  related  
symptoms  of  cough,  itching,  burning  or  watering  eyes,  difficult  or  laboured  
breathing,  chest  tightness,  and  wheeze.3  In  a  study  at  a  petrochemical  
industry  in  Nigeria,  productive  cough  and  headache  were  commoner  among  
the  tanker  loaders  (TL)  (45%,  38%)  and  the  tetra  –  ethyl  Lead  handlers  
(TEL)  (43%,  31%).  TEL  handlers  were  five  times  likely  to  develop  
insomnia  and  other  sleep  disturbances  than  the  control  group.  TL  was  
more  than  three  times  more  likely  to  develop  psychological  distrubances  
than  the  control  group.39 
 Wade  JF  and  Newman  LS  (1993)  identified  that  three  male  railroad  
workers  developed  asthma  after  heavy  exposure  to  locomotive  emissions.53  
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Mostaghni  AA  et  al  (2000)  measured  the  frequency  of  symptoms  and  /or  
alterations  in  respiratory  functions  in  62  workers  of  the  sour  gas  refining  
industry  and  concluded  that  the  gas  refinery  workers  experienced  more  
respiratory  symptoms  than  the    controls  but  the    pulmonary  function  data  
were  not  significantly  different  (p>0.05)  between  the  two  groups.54 
 
Studies  on  other  systemic  effects  of  petrol/diesel  vapour  :- 
Sorgo  G  (1976)  encountered  severe  arteriosclerotic  damage  of  the  
coronary  vessels  on  the  occasion  of  autopsies  of  four  toxicomaniac  
adolescents  sniffing  and  occasionally  drinking  trichlorethylene,  carbon  
tetrachloride  and  gasoline.10    Coppola  L  et  al  (1989)  observed  that  on  
exposure  to  automobile  fumes,  HbCO  levels  were  significantly  increased  
and  there  was  an  impairment  of  both  platelet  function  and  blood  
viscosity.11  Kilburn  KH  (2000)  found  that  ten  railroad  workers  and  six  
electricians  referred  for  shortness  of  breath  also  had  slowness  of  response,  
memory  loss  and  disordered  sleep,  all  of  which  suggested  neurobehavioral  
impairment.12  Lipsett  M  and  Compleman  S  undertook  a  meta-analysis  of  
epidemiological  studies  investigating  the  relationship  of  occupational  diesel  
exhaust  exposure  and  lung  cancer.  Their  analysis  provided  quantitative  
support  for  prior  qualitative  reviews  that  have  ascribed  an  etiologic  role  
to  occupational  diesel  exhaust  exposure  in  lung  cancer  induction.13   
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MATERIALS  AND  METHODS 
Study  Design: 
This  is  a  cross  sectional  study. 
Study  Place: 
This  study  was  carried  out  in  the  research  laboratory,  Department  
of  Physiology,  Coimbatore  Medical  College,  Coimbatore  and  in  the  office  
rooms  of  the  petrol  bunks  located  in  the  vicinity  of  Coimbatore  Medical  
College. 
Study  Period: 
 July  2017  –  February  2018. 
Study  Subjects: 
 A  total  of  100  male  subjects  in  the  age  group  of  18  –  45  years  
were  selected  for  the  study. 
 The  subjects  were  divided  into  two  groups. 
1. Study  Group 
2. Control  Group 
Study  group  comprised  of  50  adult  non-smokers  in  the  age  group  
of  18  –  45  years  working  in  petrol  bunk  as  petrol  /  diesel  filling  
attendants  for  more  than  1  year. 
They  were  selected  from  petrol  bunks  located  in  the  vicinity  of  
Coimbatore  Medical  College,  Coimbatore. 
50  age  and  sex  matched  controls  were  chosen  for  the  study. 
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Inclusion  Criteria: 
Petrol  pump  workers  of  male   in  the  age  group  of  18  –  45  years  
working  as  filling  attendants  for  more  than  1  year, 8 hours per day. 
Exclusion  Criteria: 
 Subjects  with  pre-existing  lung  disease. 
 Subjects  with  pre-existing  thyroid  problems. 
 Subjects  with  haematological  disorders. 
 History  of  smoking  and  alcohol. 
 Subjects  with  cardiac  disease. 
 Other  petrol  bunk  staff  not  involved  directly  in  petrol/diesel  filling. 
 Family  history  of  allergy,  asthma  or  exposure  to  TB. 
Materials: 
 Examination  proforma  for  recording  clinical  examination  findings. 
 Computerised  data  logging  spirometer  for  recording  the  pulmonary  
function  tests  (Spirobank-G). 
 Portable  machine  to  record  the  body  weight  in  kilograms. 
 Measuring  tape  to  measure  the  standing  height  in  centimetres. 
Methodology: 
 A  detailed  history  was  obtained  and  recorded  from  the  study  group  
and  control  population  as  in  the  prescribed  proforma. 
 Height  in  cms  of  the  subjects  was  measured  in  standing  and  erect  
posture. 
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 Weight  in  kgs  was  recorded  using  standard  weighing  machine  both  
for  study  and  control  group  in  standing  posture. 
 Subjects  were  examined  clinically  to  diagnose  any  respiratory  or  
thyroid  problems. 
 Pulmonary  function  tests  were  done  using  the  computerised  
spirometer. 
Technique  of  pulmonary  function  tests: 
 The  pulmonary  functions,  vital  capacity  test  and  forced  vital  
capacity  test  were  carried  out  using  the  computerised  spirometer  –  
Spirobank-G  using  the  standard  laboratory  methods. 
A  disposable  mouth  piece  was  inserted  into  the  sensor  housing  of  
the  spirobank  ensuring  that  the  mouth  piece  was  inserted  atleast  0.5cm  
into  the  housing  and  was  firmly  held.  The  mouth  piece  was  inserted  well  
into  the  mouth  of  the  subject  beyond  the  teeth  and  the  mouth  must  be  
closed  around  the  mouth  piece  to  ensure  that  air  cannot  escape  from  the  
sides  of  the  mouth. 
A  nose  clip  was  fitted  to  the  nose  of  the  subject  to  ensure  that  
no  air  can  escape  through  the  nostrils.  The  subject  was  asked  to  hold  the  
Spirobank-G  either  in  two  hands  (one  at  each  end)  or  as  an  alternative  
in  one  hand  as  he/she  would  hold  a  telephone  with  the  display  of  the  
machine  facing  towards  the  subject. 
The  relevant  data  of  the  subject  (age,  sex,  height  in  cms  and  
weight  in  kg)  were  fed  into  the  spirometer.  The  test  module  was  activated  
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and  the  subject  was  given  proper  instructions  about  the  procedure  to  be  
performed.  All  the  tests  were  done  with  the  subjects  seated  comfortably  
in  upright  position.  The  subjects  were  adequately  encouraged  to  perform  
his  optimum  level. 
FVC  TEST: 
The  subject  was  asked  to  take  few  normal  breaths  and  was  
instructed  to  inspire  the  air  as  slowly  as  possible  and  then  make  a  
complete  expiration  as  fast  as  possible  to  complete  the  cycle  by  inspiring  
again  as  quickly  as  possible. 
Parameters  recorded  during  FVC  test: 
 FVC  (Forced  vital  capacity) 
 FeV1  (Forced  expiratory  volume  at  the  end  of  first  second) 
 PEF  (Peak  expiratory  flow) 
 FEV1% 
 FEF  25-75%  (Forced  expiratory  flow  in  25-75%  of  vital  capacity) 
 FEF  25 
 FEF  50 
 PIF  (Peak  inspiratory  flow) 
 FIVC 
 FIV1 
 FIV1% 
 FVC 
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VC  Test: 
The  subject  was  asked  to  inspire  as  slowly  as  possible  and  then  
expire  as  slowly  as  possible. 
Parameters  recorded  during  VC  Test: 
 Vital  capacity 
 Inspiratory  vital  capacity 
 Expiratory  reserve  volume 
 Tidal  volume 
 Minute  ventilation  at  rest 
 Respiratory  frequency 
 Average  time  of  inspiration  at  rest  (ti) 
 Average  time  of  expiration  at  rest  (te) 
 Tv/ti 
 Te/tt 
Three  trials  were  given  for  each  test.  The  best  spirometric  values  
of  three  attempts  were  taken.  A  complete  flow  volume  loop  was  obtained  
from  the  spirometer.  The  spirogram  was  directly  downloaded  from  the  
instrument  and  printed.  The  results  were  tabulated  and  analysed. 
The  absolute  eosinophil  count  of  the  study  group  and  control  group  
were  done  using  auto  analyser  in  the  Bioline  Laboratories,  Coimbatore. 
The  thyroid  function  tests  of  the  subjects  were  done  using  
chemiluminence  method  at  the  Bioline  Laboratories,  Coimbatore. 
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Absolute  Eosinophil  Count 
The  direct  method  of  absolute eosinophil  count  is  done  by  using  
the  principle  of  hemocytometry. 
Indirect AEC  is  done  by  calculating  the  number  of  eosinophils  as  
a  percentage  of  the  total  leucocytes  present  in  the  circulation. 
Counting  Methods 
1. Directly  by  using  the  principle  of  hemocytometry. 
2. Indirectly  by  study  in  smear  and  total  leucocyte  count. 
3. By  using  auto analyser. 
 
Direct  Method 
Blood  is  diluted  10  times  in  a  WBC  pipette  with  a  special  diluting  
fluid,  which  removes  red  cells  and  the  eosinophils.  The  diluted  blood  
specimen  is  then  charged  in  a  counting  chamber,  and   the  cells  are  
counted  under  a  high-power  objective. 
Indirect  Method 
The  eosinophil  count  value is  obtained  in  the  differential  leucocyte  
count.  The  value  of  the  total  leucocyte  count  is  required  in  addition  to  
the  value  of  the  eosinophil  percentage  of  the  differential  count. 
Differential  Count 
AEC  =  -------------------------------------  X  Total  leucocyte  count 
100 
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Auto  Analyser 
The  best  method  to  count  Eosinophil  is  the  automated  analyser. 
Thyroid  Profile 
Thyroid  function  tests  are  a  series  of  blood  tests  used  to  measure  
how  well  thyroid  gland  is  working.  It  includes  total  T3,  T4,  TSH. 
The  thyroid  gland  is  the  largest  endocrine  gland  located  in  the  
lower-front  part  of  the  neck.  It  helps  to  regulate  body  metabolism. 
T3  Results 
The  T3  test  checks  for  level  of  the  hormone  tri  iodothyronine. 
Normal  range  :  100-210ng/dl 
High  level  indicate  Grave’s  disease. 
T4 
The  total  T4  test  checks  for  level  of  hormone  thyroxin. 
Normal  range:  100  –  200ng/dl. 
High  level  indicate  hyperthyroidism. 
Analysis 
Venous  blood  was  collected  in  a  tube  and  after  serum  was  
separated,  samples  were  frozen  at  -20°C.  T3,  T4,  TSH  levels  were  
estimated  for  evaluation  of  thyroid  function  using  Chemiluiescence  
Immuno  Assay  (CLIA).  The  tracer  reagents  for  T3,  T4,  TSH,  wash  Buffer  
and  working  reagents  were  procured  and  processed  as  per  the  international  
standard.  The  microplate  wells  were  arranged  for  each  serum.  Reference  
control  and  subjects  specimens  were  assayed  in  duplicate.  50µl  of  the  
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appropriate  serum  reference  control  was  taken  into  the  assigned  well  to  
which  100µl  of  trace  reagent  was  added. 
The  plates  were  shortly  swirled  gently  for  20-30  seconds  to  mix  and  
cover.  This  mixture  was  then  incubated  in  room  temperature  for  45  
minutes  and  the  contents  of  the  microplate  were  get  rid  of  by  decantation,  
washed  with  350µl  of  wash  buffer.  It  was  suspended  in  100µl  of  working  
reagent  solution  and  incubated  in  the  dark  for  10  minutes  in  the  room  
temperature.  Then  the  RLUs  (Relative  Light  Units)  were  read  in  each  
well  in  a  microplateluminometer  for  at  least  0.2  seconds/well,  and  results  
were  compared  with  the  normal  values  for  the  T3,  T4,  TSH. 
Statistical  Analysis: 
 The  data  collected  from  the  subject  were  coded  and  tabulated. 
 Appropriate  descriptive  and  implemented  statistics  were  carried  out  
using  SPSS  (Statistical Package  for  Social  Sciences)  version 20  
software. 
 The  results  of  the  analysis  are  presented  in  the  next  chapter. 
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RESULTS   
 
Table  1  :  Proportion  of  cases  (  male  petrol  pump  workers)  and  
controls 
Group Frequency Percentage(%) 
Cases 50 50 
Controls 50 50 
Total 100 100% 
 
Fig  1  :  Proportion  of  cases  and  controls 
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Table  2  :Comparison  of  Age  of  two  groups 
Group Age  in  years P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 18.00 40.00 28.50 8.36 0.86 
Controls 18.00 40.00 28.20 8.84 
 
The  above  table  shows  there  is  no  significant  variation  in  the  age  category    
between  the  two  groups  and  the  association  is  statistically  
insignificant.(p>0.05) 
 
 
Fig  2  :  Comparison  of  Mean  Age  of  two  groups 
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Table  3  :  Comparison  of  Height  between  two  groups 
Group Height  in  cms P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 141.00 175.00 157.96 8.32 0.017 
Controls 146.00 177.00 162.08 8.70 
 
The  above  table  shows  there  is  no  significant  variation  in  the  height  of  
two  groups(p>0.05) 
 
 
Fig  3  :  Comparison  of  height  of  two  groups 
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Table  4  :  Comparison  of  Weight  between  two  groups 
 
Group Weight  in  Kgs P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 33.00 80.00 56.82 11.57 0.61 
Controls 38.00 82.00 58.08 12.60 
 
The  above  table  shows  there  is  no  significant  variation  in  the  weight  
between    two  groups(p>0.05) 
 
 
Fig  4  :  Comparison  of  Weight  between  two  groups 
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Table  5  :Comparison  of  Absolute  Eosinophil  Count  between  Study  
group  and  Control  Group 
Group Absolute  Eosinophil  Count P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 80.00 530.00 400.94 135.18 0.000 
Controls 40.00 490.00 182.84 117.29 
 
Absolute  Eosinophil  Count  among  petrol  pump  workers  is  found  
statistically  significant  when  compared  with  the  control  groups.(p<0.001) 
Regarding  absolute  eosinophil  count  cases  showed  an  increase  eosinophil  
count  with  a  mean  value of  400.94  when  compared  to  controls  with  a  
maximum  absolute  eosinophil  count  490  with  a  mean  182.84  showed    
significant  p  value<0.05 
Fig  5  :  Comparison  of  Absolute  Eosinophil  Count  between  two  
groups 
 
0
50
100
150
200
250
300
350
400
450
Cases Controls
Absolute Eosinophil
Count
400.94 182.84
A
E
C
Comparison  of  Absolute  Eosinophil  Count  between  
two  groups
60 
 
 
Table 6 : Comparison of Thyroid profile between Study group and 
Control Group. 
Particulars 
Cases Control 
P value 
Mean SD Mean SD 
T3 0.79 0.55 0.98 0.28 0.038 
T4 5.99 2.69 7.87 1.81 <0.001 
TSH 4.57 1.19 2.95 1.09 <0.001 
 
The above table shows there is a statistically significant difference in the thyroid 
profile between two groups. 
Fig 6 : Comparison of Thyroid profile between two groups 
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Table 7: Comparison  of  forced  expiratory  flow  rates  between  Study  
group  and  Control  Group 
Group Forced  Expiratory  flow  rate(25  to  75%) P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 1.08 6.25 3.23 0.96 0.000 
Controls 1.16 7.26 3.90 1.03 
 
The  above  table  shows  there  is  a  significant  decrease  in  forced  expiratory  
flow  rate  among  male  petrol  pump  workers  when  compared  with  that  of  
controls.  (p  values  -  <0.05) 
Fig  7: Comparison  of  forced  expiratory  flow  rates  between  Study  
group  and  Control  Group 
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Table 8: Comparison  of  peak  inspiratory  flow  rates  between  Study  
group  and  Control  Group 
Group PIF P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 0.68 3.87 2.02 0.87 0.000 
Controls 0.74 5.84 2.59 1.18 
 
The  above  table  shows  there  is  a  significant  decrease  in  peak  inpiratory    
flow  rates  among  male  petrol  pump  workers  when  compared  with  that  of  
controls  with  p  value  <0.05. 
Fig 8: Comparison  of  peak  inspiratory  flow  rates  between  Study  
group  and  Control  Group 
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Table 9: Comparison  of  all  flow  rates  between  Study  group  and  
Control  Group 
Particulars Cases Control P  value 
Mean SD Mean SD 
PEF(  L/min) 5.10 1.86 6.87 1.97 0.000 
FEF25TO75  (L/min) 3.23 0.96 3.90 1.03 0.000 
PIFR  (  L/min) 2.02 0.87 2.59 1.18 0.000 
 
The  Flow  rates  comparison  shows  that  it  has  been  diminished  among  
petrol  pump  workers  and  is  found  to  be  statistically  significant. 
In  the  above  table  ,the  mean  value  of  PEF  (L/min)  for  control  group  was  
6.87  when  compared  to  cases  5.10  which  showed  a  statistically  significant  
p  value.  Respectively  the  FEF  &  PIFR  also  showed  a  statistically  
significant  value.   
Fig 9: Comparison  of    all flow  rates  between  two  groups 
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Table  10 :  Comparison  of  Lung  Volumes  and  capacities  between  
Study  group  and  Control  Group 
Group Forced  Vital  Capacity P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 1.19 3.83 2.41 0.60 0.000 
Controls 2.00 4.88 3.18 0.75 
 
The  above  table  shows  a  significant  decrease  in  forced  vital  capacity  
among  male  petrol  pump  workers  when  compared  to  that  of  normal  
controls.  (p  value  <  0.05). 
Fig 10 :  Comparison  of  Lung  Volumes  and  capacities  between  Study  
group  and  Control  Group 
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Table 11:  Comparison of FEV1 between petrol pump workers and 
controls. 
 
Group FEV1 P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 1.01 3.66 2.27 0.54 0.000 
Controls 1.65 4.12 2.92 0.64 
 
The  above  table  shows  a  significant  decrease  in  FEV1  among  male  petrol  
pump  workers  when  compared  to  that  of  normal  controls. (P value  <  0.05). 
 
Fig  11:  Comparison of FEV1 between petrol pump workers and 
controls. 
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Table 12:  Comparison of FEV1 Percentage between petrol pump 
workers and controls. 
 
Group FEV1 PERCENTAGE P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 77.60 100.00 95.16 6.17 0.240 
Controls 74.30 121.00 97.14 10.07 
 
 
Fig  12:  Comparison of FEV1 Percentage between petrol pump workers 
and controls. 
 
 
In  table 12  and  Fig 12,  Mean  FEV1%  in  petrol  pump  workers was  95.16  
and  in  controls  the  Mean  FEV1  was  97.14.  Which  was  statistically  not  
significant. 
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Table 13:  Comparison of F1VC between petrol pump workers and 
controls. 
 
Group F1VC P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 1.16 3.38 2.15 0.58 0.000 
Controls 1.77 5.14 3.02 0.84 
 
 
The  above  table  shows    a  significant  decrease  in  F1VC  among  male  
petrol  pump  workers  when  compared  to  that  of  normal  controls.                  
(p  value  <  0.05). 
 
 
Fig  13:  Comparison of F1VC between petrol pump workers and 
controls. 
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Table 14:  Comparison of vital capacity among petrol pump workers and 
controls. 
 
Group Vital  Capacity P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 0.38 3.95 2.24 0.72 0.000 
Controls 1.56 6.50 3.11 0.97 
 
The  above  table  shows  a  significant  decrease  in  vital  capacity  among  
male  petrol  pump  workers  compared  to  that  of  normal  controls.  (p  value  
<  0.05>). 
 
Fig 14:  Comparison of vital capacity among petrol pump workers and 
controls. 
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Table 15:  Comparison of ERV among petrol pump workers and controls. 
 
Group ERV P  value 
Minimum Maximum Mean Std.  
Deviation 
Cases 0.01 1.51 0.29 0.28 0.000 
Controls 0.10 2.75 0.78 0.56 
 
The  above  table  shows  a  significant  decrease  in  ERV  among  male  petrol  
pump  workers  when  compared  to  that  of  controls.(  p  value  <0.05). 
 
Table 15:  Comparison of ERV among petrol pump workers and controls. 
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Table 16 :  Comparison  of  Lung  Volumes  and  capacities  between  two  
groups 
Particulars Cases Control P  value 
Mean SD Mean SD 
FVC 2.41 0.60 3.18 0.75 0.000 
FEV1 2.27 0.54 2.92 0.64 0.000 
FEV1 
PERCENTAGE 
95.16 6.17 97.14 10.07 
0.240 
F1VC 2.15 0.58 3.02 0.84 0.000 
VC 2.24 0.72 3.11 0.97 0.000 
ERV 0.29 0.28 0.78 0.56 0.000 
 
From  the  above  table  the  lung  volumes  and  capacities  among  the  petrol  
pump  workers  is  much  diminished  when  compared  with  the  control  group  
and  is  found  to  be  statistically  significant  except  FEV1  percentage  which  
is  insignificant. 
 
Fig  16:  Comparison  of  Lung  Volumes  and  capacities  between  two  
groups. 
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DISCUSSION 
 
In  the  present  study  evaluation  of  pulmonary  function  tests,  
Absolute  eosinophil  count  and  thyroid  profile  in  petrol-pump  workers  was  
done  in  50  non-smoker  petrol-pump  workers  and  compared with 50  healthy,  
controls  in  the  age  group  of  18-40  years  of    males.  This  study  has  shown  
that  the  pulmonary  function  parameters  like  the  forced  vital  capacity  
(FVC),  the  forced  expiratory  volume  at  first  second  (FEV1),  the  forced  
expiratory  flow  in  25-75%  of  vital  capacity  (FEF25-75%),   the  peak  
inspiratory  flow  rate  (PIF),  the  forced  inspiratory  vital  capacity  (FIVC),  
the  vital  capacity  (VC),  and  the  expiratory  reserve  volume  (ERV)  were  
significantly  decreased  in  petrol-pump  workers  when  compared  to  the  
controls.   
This  finding  indicates  a  restrictive  pattern  of  pulmonary  involvement  
in  the  study  group.  Similar  findings  were  observed  in  the previous  studies  
on  pulmonary  functions  in  petrol-pump  workers.31,32   
Study  conducted  by  Vinegar A, Carson et al, showed  that  long  term  
exposure  to  diesel  exhaust  in  cats  was  the  cause  of  restrictive  nature  of  
pulmonary  involvement.14  However  previous  works  involving  animal  
exposures  to  diesel  exhaust  and  pulmonary  function  tests  have  shown  
varying  results.15,36,37,38  Short-term  exposure  to  diesel  exhaust  in  healthy  
human  volunteers  have  demonstrated  marked  systemic  and  pulmonary  
inflammatory  response,  but  the  lung  function  measurements  did  not  show  
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a  significant  change.9  In  the  above  study  the volunteers  were  exposed  to  
diluted  diesel  exhaust  under  controlled  conditions  for  one  hour  with  
intermittent  exercise.  Such  low  exposure  could  be  one  of  the  reasons  for  
normal  lung  function  parameters  in  their  study.  Since  the  petrol-pump  
workers  are  exposed  to  these  exhausts  which  contain  many  components  
such  as  CO,  CO2  nitrogen  oxides,  sulfur  oxides,  hydrocarbons  and  
unburned  carbon  particles  (soot),  for  longer  periods  of  time  (more  than  
six  months,  for  at  least  ten  hours  per  day),  they  have  more  chances  of  
chronic  inflammatory  involvement  of  lungs  by  the  results  of  the  present    
study.   
The  decrease  in  lung  function  parameters  in  petrol-pump  workers  
may  also  be  attributed  to  the  Volatile  Organic  Compounds  like  Benzene  
in  petrol  vapor  that  will  be  released  into  the  atmosphere  during  vehicle  
refuelling.  Another  important  pollutant,  which  might  have  contributed  to  
the  decrease  in  lung  functions,  may  be  lead.  Inhalation  of  lead  from  
leaded  petrol  emissions  is  an  important  source  of  lead  exposure  in  
developing  countries.  39,42 
In  the  present  study,  expiratory  and  inspiratory  flow  rates  i.e.  PEFR,  
PIFR,  FEF 25-75%  are  also  decreased  in  the  study  group.  Similar  results  
were  shown  in  the  previous  studies  on  petrol-pump  workers.31,  32  PEFR  
was  also  decreased  in  the  experimental  study  of  cats  done  by  Vinegar  A, 
Carsen et al  which  otherwise  showed  a  classic  pattern  of  restrictive  lung  
disease.   
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Since  petrol  pumps  are  located  on  busy  roads,  these  workers  in  
addition  to  petrol/diesel  vapor  are  exposed  to  other  pollutants  from  vehicle  
exhaust.  The  flow  rates  at  low  volumes  i.e.  FEF25-75%  indicate  flow  
rates  in  small  airways  i.e.  those  with  internal  diameters  of  less  than  2mm.  
These  are  reduced  at  low  lung  volumes  both  in  restrictive  and  obstructive  
diseases.  The  decrease  in  FEF25-75%  suggests  greater  involvement  of  
small  airways.                 
The  male  petrol-pump  workers  with  more  than  five  years  of  service  
had  decreased  values  for  FEV1,  FEF25-75%,  PIF  and  ERV  when  
compared  to  male  workers  with  less  than  five  years  of  service.  These  
findings  correlated  well  with  a  study conducted by Mayank .S et al  which  
showed that  the  decrements  in  pulmonary  function  are  worsened  by  
increased  years  of  exposure.  Also  in  a  previous  animal  study,  it  was  
shown  that  animals  (rats)  exposed  to  the  higher  concentration  of  Diesel  
Exhaust  Particles  cleared  more  of  the  lung  burden  than  those  exposed  
chronically  to  low  concentration.  At  the  longer  low  concentration  exposure,  
the  macrophage  burden  was  relatively  greater  suggesting  that  continuous  
low  dose  exposure  may  be  more  detrimental  than  acute  high  dose  
exposure.52  However,  some  studies  have  shown  that  there  was  no  
consistent  relationship  between  years  of  exposure  to  diesel  exhaust  and  
pulmonary  function,  but  the  level  of  pulmonary  function  was  not  
considered  as  a  predictor  of  longitudinal  change.48,49,50 
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In  the  present  study  about  24%  of  the  petrol-pump  workers  were  
found  to  be  symptomatic.  They  complained  of  symptoms  like  irritation  of  
eyes,  watering  of  eyes,  headache,  running  nose,  cough  and  phlegm  
production.  These  symptoms  may  be  due  to  exposure  to  NO2,  respirable  
particulate  and  other  components  in  petrol/diesel  vapor  and  their  exhaust  
that  correlated  with  the  previous  studies.3,39,53,54 
Particles  generated  from  petrol/diesel  exhaust  are  extremely  small  
and  these  small  sized  particles,  by  virtue  of  their  greater  surface  area  to  
mass  ratio,  can  carry  a  much  larger  fraction  of  toxic  compounds,  such  as  
hydrocarbons  and  metals  on  their  surface.  Importantly  they  can  remain  
airborne  for  long  periods  of  time  and  deposit  in  greater  numbers  and  
deeper  into  the  lungs  than  large  sized  particle.  Hence  chronic  exposure  
to  them  can  lead  to  chronic  inflammation  of  respiratory  tract  and  lung  
parenchyma.61,62 
On exposure to benzene,  the  compound  present  in  petrol,  persons    
land  up  in various  haematological,  hepatic,  immunological  and  genetic  
disorder70.  Hence  the  present  study  was  conducted  among  non  smoker  
male  petrol  pump  workers  and  concluded  that  benzene  present  in  the  
vicinity  may  cause  changes  in  the  blood  parameters  especially  absolute  
Eosinophil  count.  In  absolute  eosinophil  count  among  study  participants, 
41  persons  have  shown  a  high  mean  value  of  400±39.65  to  benzene  
exposure  for  1-5  years,  when  compared  to  control  group  which  is  having  
a  mean  value  301.66  ±  30.55  given  a  statically  significant ‘p’  value.  This  
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result  is  well  correlated  with  the  study  conducted  by  Amit  –Kumari  which  
revealed  that  the  increased  absolute  eosinophil  count  for  the  initial  period  
of  1-5  year  as  a  result  allergic  response  of  benzene  to  their  body,  whereas  
in  this  study  remaining  9  participants  who  have  been  working  in  the  
petrol    pump  for  more  than  5  years  of  duration,  where  showed  a  decreased  
Absolute  Eosinophil  count  value.63,64    Which    revealed  that    the  chronic  
exposure    of  benzene  present    in  petrol  have  a  negative  impact  on  body  
by  causing  bone  marrow  suppression  which  inturn  leads  on  to  decresed  
absolute  Eosinophil  count.65  Yeshvandre  varma  et  al  study  showed  that  
long  term  exposure  of  petroleum  fumes  like  benzene  and  carbonmonoxide  
in  petrol  pump  workers  results  in  altered  blood  parameters  and  thyroid  
dysfunction.72,74 
A  study  conducted  by  amrita  kumara  et  al  on  photochemical  
workers  in  Bhuvaneshwar  noticed  that  the  duration  of  exposure  to  benzene  
for  more  than  10  years  have  shown  a  decreased  Absolute  Eosinophil  
count   and  haemoglobin  level  in  the  study  group.  Benzene  is  said  to  be  
a  carcinogen  with  relative  hematotoxicity.73 
Study  conducted  by  Yen-Hsinug  et  al  revealed  that  eosinophil  count  
was  significantly  higher  in  exposed  group  than  the  un-exposed  group.  
This  suggested  that  Eosinophil  count  could  be  a  hemotological  marker  
among  workers  to  benzene  in  petroleum   industry.76 
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A  study  conducted  by  Okoro  et  al  in  Nigeria  petrol  pump  workers  
showed  that  long  term  exposure  to  petroleum  fumes  causes  a  reduction  
in  the  hematological  indices.77   
A  study  conducted  by  Tunsaring  Karn  et  al  showed  that  the  
inhalation  of  benzene  causes  both  acute  and  chronic  toxicity    to  bone  
marrow  and  urinary  trans-muconic  acid  which  is  a  benzene  metabolite  
can  be  used  to  monitor  the  bone  marrow  damage  due  to  benzene  exposure.  
High  level  of  urinary  trans  muconic  acid which  is  a  biomarker  of  benzene  
exposure   is  associated  with  drop  in  haemoglobin  and  eosinophil  count  
due  to  suppression  of  bone  marrow.71 
A  study  conducted  by  Muhamed  et  al  in  petrol  pump  workers  
revealed  that  long  term  exposure  to  petroleum  fumes  which  affected  the  
pituitary  thyroid  axis,  causes  thyroid  toxicity  whereas  long  term  exposure  
to  benzene  resulted  in   reduced  level  of  T3, T4  and  increased  TSH  level  
which  leads  to  hypothyroidism.78   
A  study  conducted  by  Micheal  et  al  showed  that  long    term  
exposure  to  benzene  in  petrol  pump  workers  causes  increase  in  the  level  
of  TSH  compared  to  the  control  group79,90. 
Benzene  causes  toxicity  to  the  progenitor  cells  of  WBC  and  platelets  
instead  of  circulating  cells. 
Various  studies  have  been  conducted  to  find  out  the  effect  of    
benzene  on  humans.  Study  conducted  by  Ray  M  et  el  (2007)  had  shown  
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rise  in  Eosinophil  and  monocytes  along  with  fall  in  T  and  B  lymphocytes  
in  benzene  exposed  workers89. 
Study  conducted  by  Tunsaringkarn    T  et  al  reported  that  long  term  
exposure  to  benzene  causes  bone  marrow  depression  resulting  in  decrease   
in  haemoglobin,  haematocrit  and  eosinophil  count.  Another  study  
conducted  by  Pesatori    Ac  et    al  in  2009  found  that  the  eosinophil  count  
was  inversely  related  to  benzene  exposure  only  among  smokers,  whereas  
basophil  increased  with  increasing  exposure.  This  study  also  supported  
our  study  and  found  association  of  benzene  exposure  and  eosinophil  
count.81,89   
Study  conducted  by  Mohammed  Aleemuddin  et  al  shows  excessive  
repeated  exposure  to  benzene  (>320  mg/m3)    results  in  pancytopenia  and  
aplastic  anaemia  and  is  associated  with  a  marked  decrease  in  the  numbers  
of  cells  in  bone  marrow,  resulting  in  immunosuppression  and  
myelodysplastic  syndrome.82 
In  the  present  study,  significant  differences  were  noted  in  the  serum  
levels  of  TSH,  T3,  T4  ,between  petroleum  station  workers  and  controls.  
When  compared  to  the  control  subjects,  the  levels  of  T3,  T4  decreased  
as  the  year  of  exposure  are  increased  and  TSH  level  is  increased  as  the  
year  of  exposure  increased  in  petrol  pump  workers. 
Study  conducted  by  Michael  L    Bledsoe  et  al.  shows  that  the  
serum  concentration  of  T4  was  negatively  associated  with  both  exposure  
and  duration88.  Also  lead  decreases  thyroid  uptake  of  iodine,  which  may  
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affect  the  equilibrium  between  protein  bound  and  free  hormones.  Singh  
et  al  found  no  difference  in  T3  and  T4  level  between  controls  and  
exposed  workers,  however  mean  TSH  was  significantly  higher  in  exposed  
group.  In  our  study  mean  T3,  T4  level  is  low  in  exposed  group  when  
compared  to  controls.84.89 
Tuppuraian  et  al  found  negative  correlation  between  duration  of  
exposure  and  both  T4,  and  T3,  suggesting  that  chronic,  intense  lead  
exposure  might  depress  thyroid  functions.83 
Study  conducted  by  Refowitz  and  Schumacher  et  al  revealed  there  
is  no  association  with  blood  lead  level  and  thyroid  hormone  levels  among  
groups  of  workers  when    mean  level  in  blood  is  less  than  60  μg/dl.87  In  
contrast,  Gustafson  et  al    study  shows  higher  levels  of  T3  in  exposed  
workers  with  lead  level  in  blood  around  39.4  μg/dl.  
The  present  study  shows  that  there  is  negative  correlation  between  
T3,  T4  level  with  benzene  exposure  duration  and  positive  correlation  
between  TSH  level  and  benzene  exposure  duration. 
In  the  present  study,  most  of  the  petrol  bunks  were  located  near  
to  the  road  with  heavy  traffic.  So  workers  were  prone  to  exposure  to  
CO.  The  ambient  air  concentration  of  CO  was  maximum  during  the  peak  
working  hours  6am  –  2pm,  which  meant  that  workers  were  exposed  to  
high  levels  of  CO  along  with  other  air  pollutants  and  solvents86.  Particulate  
matter  of  size  of  2.5m  and  10m  and  NO2  have  been  found  to  be  
significantly  associated  with  reduced  FVC.  Similar  effects  of  automobile  
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exhausts  on  the  FVC  and  FEV1  were  being  observed    in  tunnel  and  
bridge  workers,  traffic  wardens  and  shopkeepers.  In  the  present  study  the  
FEF  25-75  was  found  to  be  the  most  affected  pulmonary  function  
parameter.85.90   
The  findings  of  the  present  study  indicate  that  small  airways  
probably  gets  affected  due  to  air  pollution  and  finally  results  in  fuel  
vapour  related  lung  injury. FEV1,  FEF 25-75%, PIF and ERV were 
significantly reduced in petrol pump workers, which confirms restrictive type 
of pulmonary involvement.  Absolute eosinophil count significantly increased 
in petrol pump workers which confirms allergic involvement of pulmonary 
airways when compared to healthy volunteers.  Serum T3, T4 levels showed an 
inverse relationship  related to long term petrol fumes exposure. 
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SUMMARY 
 Pulmonary function test, thyroid profile, absolute Eosinophil count of 50 
males and 50 healthy controls were done. 
 Pulmonary function test  values were significantly reduced in petrol pump 
workers when compared to healthy controls. 
 FEV1,  FEF 25-75%, PIF and ERV were significantly reduced in petrol pump 
workers, which confirms restrictive type of pulmonary involvement. 
 Absolute eosinophil count significantly increased in petrol pump workers 
which confirms allergic involvement of pulmonary airways when compared 
to healthy volunteers. 
 Thyroid profile of T3, T4, TSH were measured in 50 petrol pump workers 
and 50 controls. Serum T3, T4 levels showed an inverse relationship  related 
to long term petrol fumes exposure. 
 Serum TSH level was significantly increased in petrol pump workers when 
compared to controls which revealed involvement of thyroid gland and 
hypothalamo-pituitary axis in petrol pump workers. 
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CONCLUSION 
 In  this  present  study,  the  pulmonary  functions  of  healthy  non-smoker  
petrol-pump  workers  were  compared  with  the  healthy  non-smoker  
controls  by  computerized  spirometric  values. 
 The  pulmonary  function  test  values  of  the  petrol-pump  workers  were  
significantly  lower  than  the  control. 
 On  comparison  of  lung  function  parameters  with  regard  to  exposure,  
FEV1,  FEF25-75%,  PIF  and  ERV  were  found  to  be  significantly  
decreased  in  petrol-pump  workers  with  more  than  five  years  of  service.  
This  study  confirms  the  restrictive  type  of  ventilatory  defect  in  petrol-
pump  workers. 
 Reduced  flow  rate  at  low  lung  volume  i.e.,  decreased  FEF25-75%  in  
petrol-pump  workers  suggests  the  greater  involvement  of  small  airways. 
 This  study  also  suggests  that  continuous  low  dose  exposure  to  
petrol/diesel  vapour  and  their  exhaust  may  be  more  detrimental  to  the  
respiratory  system. 
 In  this  present  study  absolute  eosinophil  count  has  increased in  benzene  
exposed  persons.  So absolute  eosinophil  count  may  be  used as a sensitive  
indicator  of  benzene  toxicity. 
 In  this  present  study  serum  T3,  T4  levels  were  low  in  petrol  pump  
workers  and  TSH  level  significantly  increased  in  petrol  pump  workers.  
So  thyroid  profile  monitoring  should  be  done  in  long  term  benzene  
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exposed  persons  in  petrol  bunks  as  thyroid  function  test  also  play  a  
role  of  sensitive  indicator  in  benzene  toxicity. 
 Health  awareness  has  to  be  created  among  the  petrol-pump  workers  to  
use  personal  protective  measures  such  as  masks  and  respirators  to  
reduce  the  inhaled  dose  of  the  hazardous  agents  in  petrol/diesel  vapour  
and  their  exhaust.   
 Other  preventive  measures  such  as  the  use  of  engineering  controls,  
ventilation  systems,  substitution  of  highly  toxic  agents  with  less  toxic  
agents  and  administrative  measures  to  remove  from  areas  of  exposure  
those  individuals  who  are  affected  or  at  increased  risk  may  also  be  
advocated.55 
 Also  self-service  for  petrol/diesel  filling  may  be  advocated  to  prevent  
the  opportunity  for  exposure  in  petrol-pump  attendants.       
 
LIMITATION 
 Small  sample  size 
 Only  male  participants  were  involved. 
 Annual follow up  not  done. 
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FUTURE  SCOPE 
 
 Subjects can  be  followed  up  and  chronic  effects  of  benzene  can  be  
determined. 
 Future studies  can  be  done  to  evaluate  status  of  alveolo-capillary  
membrane  by  lung  diffusion  capacities; HRCT  scan. 
 Radiosotope  scan  of  thyroid  gland  can  be  done  to  determine  its  
activity  accurately. 
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ANNEXURES 
EVALUATION OF PULMONARY FUNCTIONS IN PETROL 
PUMP WORKERS 
 
PROFORMA 
 
NAME :     AGE :   SEX : 
ADDRESS:     
 
 
OCCUPATION :     
 YEARS OF SERVICE:    HOURS OF WORK PER DAY:  
 
HABIT:       
SMOKING         ALCOHOL        BETAL NUT
     HEIGHT IN CM   WEIGHT IN KG  
PAST HISTORY: ANY H/O 
- ALLERGY   - HYPERTENSION 
- ALLERGIC RHINITIS  - DIABETES MELLITUS 
- SINUSITIS   - IHD 
- DERMATITIS / ECZEMA - PRIOR PT 
- BRONCHIAL ASTHMA 
RESPIRATORY SYMPTOMS: 
ASYMPTOMATIC    SYMPTOMATIC 
      - COUGH WITH SPUTUM 
      - RECURRENT L.R.I 
      - BREATHLESSNES 
- WHEEZE 
 OTHERSYMPTOMS: 
- WATERING OF EYES 
- IRRITATION OF EYES 
- HEAD ACHE 
POLLUTION LEVEL: 
CLINICAL EXAMINATION: 
R.S: 
CVS: 
ABDOMEN: 
INVESTIGATIONS: 
PULMONARY FUNCTON TESTS: 
FVC (L)  
FEV1 (L)  
PEFR (L/S)  
FEV1%  
FEF 25-75% (L/S)  
VC (L)  
FIVC (L)  
PIF (L/S)  
ERV (L)  
 
THYROID PROFILE: T3:  T4:  TSH: 
ABSOLUTE EOSINOPHIL COUNT:        
ஒப்புதல் படிவம் 
 
மரு. ராஜேஸ்வரி  ஜே பி அவர்ேள், உடலியங்ேியல்துறை, 
ஜோறவ மருத்துவக்ேல்லூரி,  “நுறரயரீல் 
செயல்பாட்டுத்திைன், றதய்ராய்டு மற்றும் இரத்த ஈெிஜ ாபில் 
அளவு மாறுபாடு குைித்து சபட்ஜரால் நிரப்பும் சதாழிலாளர்ேள்”  
என்ை தறலப்பில் ஜொதற  செய்வதற்கு ெம்மதம் 
அளிக்ேிஜைன். இந்த ஆய்வில் செய்முறை மற்றும் இது 
சதாடர்பா  அற த்து விளக்ேங்ேறளயும் ஜேட்டுக்சோண்டு 
எ து ெந்ஜதேங்ேறளயும் சதளிவுபடுத்தி சோண்ஜடன் 
என்பறதயும் சதரிவித்துக்சோள்ேிஜைன். 
இந்த ஆய்வில் என் விவரங்ேள் பாதுோக்ேப்படுவதுடன் இதன் 
முடிவுேள் ஆய்விதழில் சவளியிடப்படுவதில் ஆட்ஜெபற  
இல்றல என்பறத சதரிவித்துக்சோள்ேிஜைன். 
சபயர்: 
 
வயது: 
 
முேவரி: 
 
 
இடம்: 
ஜததி: 
றேசயாப்பம் / றேஜரறே 
CONSENT  FORM 
 
 Dr.K.P.Rajeswari , Post Graduate in MD Physiology is conducting a 
study on “A  STUDY  ON  PULMONARY  FUNCTION  TEST,  
THYROID  PROFILE  AND  ABSOLUTE  EOSINOPHIL  COUNT  
AMONG  MALE  PETROL  PUMP  WORKERS”. I was explained fully 
about the study and I have cleared my doubts regarding the study.  
 
 My details will be kept confidential and I do not object in publication 
of my results in this study.  
 
Name : 
Age : 
Address: 
Place : 
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